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PART SIXTH. 


Containing the easiest and most curious Problems ^ as well as 
the most interesting truths, in Astronomy arid Geography, 
both Mathematical and Physical. 

Of all the parts of the mathematics, none are better caU 
^ated to excite curiosity than astronomy in its different 
branches. Nothing indeed caq bf a stronger the 

power and ffignity of the huma^|^\nd, than ita*haimg been 
able to raise itself to such absHtact knoivledge as to discover 
the causes of the phenomena exhibited by the revolution 
of the heavenly bodies ; the real c6nstruction of the un2« 
verse ; the respective distances of the bodies which com- 
pose it, 8Cc. At all times therefore this study has been 
Considered as one of the subhmest effohs of geqius, and 
Ovid himself, though a poet, never expresdes his thoughts 
on this subject but with a sort of enthusiasm. Thus^lvlien 
speaking of the erect posture of man, he says: 
voL 111 . a 
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Cunctaque Mim spcctent animalia caetera terratti, 

Os homini sublinx* cctumque tueri 
erectos in udcia tul^re vultus 

Metamorpk. Lib. 1 . 

In another place, speakingfof astronomers, he says: 

Felices animc * quibus hiec co^no'i&ii^’jpnmitt 
Iiiqiie domos superas scandcre cuNi ftiit. 

est illds pariUr vitnsquc, jociiqiie, 

'^Wus biirnanis excriiisse caput. 

Koh Venus aut vinum subliuiu peotoip egit, 

Offi cmrnvc fori, militiapvc labor; 

Nec Icvib ambitio, pcrfusaqnc {rlona Lioo, 

]VIa Jiaruuivt' lanics sollicit.ivit opti.n. 

Adinovere ocnlis disraritia •■id( ra nosUis, 

A2tlieraque lugeiiio supposueic suo. 

If astronomy at that period excited admiration, what 
ought It not to do at present, when the knowledge of this 
science is far more extensive and certain than that of the 
ancients; who as \vc may say were acquainted only with 
the rudiments of it ! How great would have been the en- 
thusiasm of the poet, how sublime his cx[)ressions, had he 
foreseen only a part of the discov^ies which the sagacity 
of the moderns lias enabled them to make with the assist- 
ance of the telescope ! — The moons which surround Jupiter 
and Saturn ; the singular ring that accoiil panics the latter; 
the rot^on of the sun and planets around their axes ; the 
various^ motions of the earth; its immense distance Ironi 
the sun; the still more Incredible distance of the fixed 
stars ; the regular course of the comets ; the discovery of 
new planets and comets ; and in the last place, the ar- 
rangement of all the celestial bodies, and their laws of 
motioU} now as fully demonstrated as the truths of geo* 
metry. With much more reason would we have called 
those who haite ascended to these astronomical truths, 
and Avho have placed them beyond all doubt, privileged 
beings, and of an order superior to human nature^ 
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CHAPTER.^. 

Elvmmtary Problems tf Ai^tronomy and Geography^ 


PROBLEM I. 


To find thi^^^'iduni Line of any Place^ % 

THEcletermin<iti(i'fi of the meridian line, is certainly the 
basi'^ uf every operation, both in astronomy and geography ; 
for which reason we shall make it the fiist probl^ relating 
to this subject. — There are several methods of determining 
this line, which we shall here describe* 

L On any honzoiital plane, fixed obliquely, and in a 
firm manner, a spike or sharp pointed piece of iron, with 
the point uppermost, as ad, pi. 1 fig, 1. Then provide a 
double square, that is, two squares joined together so as to 


foim an angle, and by its means (ind, on tlie liorizontal 
plane, the point c, corresponding in a perpeiuliculdr direc- 
tion with tlie summit ot the style. From thi^ pc; *t describe 
several concentric circles, and mark, in the forenoon, 
where the summit of the shadow touclics them. Do the 
same thing in the afternoon ; and the two points n and li 
being thus determined in the same circle, divide into two 
equal parts the arc intercepted between them. If a straight 
line be then draiVn through the centre, and this point of 
bisection, it will be the meridian line required, 

By taking tw^o points in one of the other circles, and 
repeating the same operation ; if the two lines coincide^ it 
will be a proof, or at least afford a strong prestirnption, 
that the operation has been accurately performed : if they 
do not coincide, some error must have arisen ; and there- 
fore it will be necessary to recommence the operation with 
more care* 

Two observations, the least distant from noon/ought in 
general to be preferred ; both because the sun is then more 
brilliant and the sliadow better defined, and bcscause the 
change in the sun^s declination is icss^^ for this o|}cr 9 tion 
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iupposcs that the sun neither recedes from nor approaches 
to the equator, at least ir» a sensible manner, during the 
jtiteryal l)et\veeu the two observations. 

In short, provided these tvi^o observations have been 
mad^ between 9 o’clock m the mo^l^g and 3 in the after- 
noon, even if the smi be near tbi^ftuator, the meridian 
found by this method will be sufficielntly exact, in the lati- 
tude of 45 to 60 degrees ; for we have found that, in 
the latitude of Paris, and making <’'0 ttiost unfavourable 
suppositions, the quantity which scl n a meridian may err, 
will not be above If it be required with perfect ex- 
actness, nothing is necessary but to make choice of a tilde 
when the sun is either in one of the tropics, particularly 
that of Cancer, or very near it, so that in the interval be- 
tween the two operations liis declinatten may not have 
sensibly changed. 

We are well aware that, for the nice purposes of as- 
tronomy, something inoie precise will be necessary; but 
the object of this work is merely to give the simplest and 
most curious operations in this science. The following 
however is a second method of finding the meridian %y 
means of the pole star, 

IL To determine the meridian line in this manner, it 
will be ^ecessary to wait till the pole star, which we hei^ 
suppose ^0 be known, has reached the meridian. But this 
will be the case w hen tha| star and tlj^ first in the tail of 
the Great Bear, or the one nearest the square of that con- 
stellation, are together in the same line perpendicular to 
the horizon ; for about the year 1700 these two stars pass- 
ed over the meridian exactly at the same time; so that 
when the star in the Great Bear was below the pole, the 
polar star was above it ; but though this is not precisely 
the case at present, these stars, as wc^shall here show, may 
be still employed for seyeral years, and without any sen- 
sible error. 

Hkving suspended a plumb line in a motionless state, 
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wait the pole star^ and that the Great Bear above 
described, are together conaceated by the thread ; and at 
that moment suspend a second plumb line, in such a man- 
ner that it shall hide the forjner and the two stars. These 
two threads will thjfigy^mprehend between them a 
which will be that c^Sfe meridian; and if the two points 
on the ground, corresponding to the extremities of the two 
plumb lines, be joined by a straight line, you ^ip^Jhave the 
direction of the mcridijin. \ 

The hour at which the pole-star, or any other star, 
passes the meridian on any given day, may be easily found 
calculation, for which precepts are given in theNau- 
Altifanac, in White’s Eplicineris, and most books on 
practical Aslronqjny ; but, to save trouble, wc shall here 
present the read^vwith a table containing the prcciso.time 
at which the pole-star passes the meridian, both above and 
below the pole, on the first day of every month. 


Months. 

Above 
the pole. 

Below 
the pole. 

January 

. 6h 

6m Ev. • 

\ 6h 

8di Mor. 

February . 

. 3 

55 . . 

. 3 

57 

March . , 

. 2 

^ . . 

. 2 

8 

April . , 

. 0 

12 . . 

. 0 

14 

May . , 

. lb 

14 Mor. .* 

. 10 

12 Ev. 

June . . 

. 8 

11 . . 

. 8 


July . . 

. 6 

1 * . 

. 6 

5 

August . • 

, ^>4 

2 f . 

. 4 

0 ^ 

September , 

. 2 

7 - . 

. 2 

5 

October 

, 0 

19 . . 

. 0 

17 

November . 

. 10 

27 Ev, . 

. 10 

29 Moi'. 

December . 

. 8 

24 . . 

. 8 

26 


This table indeed is calculated only for the year 180? ; 
but the pole-star chapges its place so little, that the dift 
ferenpe cannot amount to more than 3 or 4 minutes wi half 
a century, 

Attejiuioa, however must Be paid to the day of ^ the 
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month ; for, from the bepnning of any month to the end 
there is a difference of nearly two hours. The daily an- 
ticipation being 3'“ 56« per day^, 3“^ 56 ^ must he multi- 
plied by the number of days, of the month which have 
elapsed, and the product must he si|OT|icti‘d from the tima 
of the star’s pasNing the meridian on|®e first of the months 
as given ui the table: the remainder will be the time of its 
passage the proposed <Liv. 

Thus; if it Mere required to trfe o out a meridian by 
the pole* star on the lath of March;, liultiply 5“' by J4, 
which will give and d .55“* be snhtr.icted from 2** 8*”, 
the remainder 13*« will be the hour in ilie morning when 
the pole star passes the meridian, below the pole, on t|ie 
^.5th of Marc h. 

Olft^accounr of (he great length of the days in some 
months, aticb as June, J III)', and part of August, neither 
of these passagt^s is visible; as they take place in the day, 
or during the twilight. Tins inconvenience however may 
be remedied in tlic following manner. Find the hour at 
which the pole-star will pass the meridian above the pole 
on the proposed day, and then examine u licthcr, by count- 
ing 6 hours more, that hour will fall in the night-iime: 
should this be the case, wait for that,, moment, and then 
pioceed Recording to the rules above given. By those; 
means obtain the position of the azimuth circle 

passing i’l^ongli llu^ and the {lole-star, when it has 

attained to its greatest distance towarefs tbe west ; tor if it 
passes the mendian at a ceitain hour, it is evideni that 6 
hours after it will be at its greatest distance from it. But 

* If the earth had only a diurnal, without an annuel motion, any given 
merfi^ian would levolvc fioin the &iiii to the sun again in the same time 
from any star to the same star again ; because the sim w uuKl never change 
bis place in regard to tlie slurs, lint as the carJb ad^'mees almost degrtc 
^BtWaid in itfl orbit, m Ihe tunc that it tuuis eastward lound its axU,, what- 
ever atar parses over the nn ndian on any day with the sun, will pftat over 
the sanie meridian on the luxt day when th^ suu ia almost a degree short of 
it^ that IS 3 minutes 50 seconds sooner. 
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it will be found by calculation that the angle which tliis 
azimuth forms with the meridian for the latitude of Lon- 
don, 51® 31', is 3* 11'; therefore if a line be drawn in such 
a manner as to form with the line found, an angle of 3® 
11' ici|ifards the east^^j^ou will have a true meridian line. 

If the 6 hours c^|ited after the star’s passage of the 
meridian above the pble, do not fall in the night, nothing 
is necessary but to count ^ hours less : tlie liour thus found 
will certainly be one of those of the night, ajfnfViU riiow 
the time when the pole-star will be at its greatest distance 
from the meridian towards the east ; in this case the angle 
0^,3"* 11' must be lanl off towards the wc.->t. 

^|l will perhaps be found troublesome to make an angle 
of 3* ll'; blit it may be done in the following manner. In 
the line from wlijj^h you are desirous of la\ ing oiTaivangle 
of 3* ir, assume any point a, p!. 1 fig. 2; ant^.from that 
point, towards the north, take the length of 1000 lines, 
or 6 feet 11 in. 4 Jin. from the point u, where this length 
terminates, raise a per()cudicnlar towards the west, if the 
proposed angle is intended to be laid off on that side, 
or towards the cast if intended to be laid oil on the other. 
On this perpendicular set off lines ; and let this length 
terminate at the point c : if at be then drawn, it will form 
with AB tlie required angle of 5® IT; and this angle will 
be much more exact than if any other method bad been 
employed. 

Remark. — As Several physical nictliods of finding a 
meridian line are given in the preceding editions of this 
work, it is necessary that we sliould here mention them; 
were it only that the reader may be able to appreciate how 
far they are likely to answer the purpose. 

To find the meridian witlioul a compass or magnetic 
needle, some have proposed the following method, which 
would answer^ they say, in the bowels of the earth. Take 
a common small sewing needle exceedingly well polished, 
and lay it gently on the surface of some water in a state 
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of perfect rest in any vessel : this needle,' they tell us, will 
place itself iu the direction of the meridian. 

This experiment, in some respects, is true : if the needle 
i$ long and delicate, it will remain at the surface of the 
water, where it will form for itself a smdll cavity; air 
which adheres to it will preserve it'fbr some time from'*' 
coming into contact with the watef; and if this should 
not be tliQ case, the sairu' effect. might he produced by 
greasing ;it^iirith a little tallow: it will then easily maintain 
itself on the water, and will move nil it approaches the di- 
rection of the meridian. This wt • ive often confirmed 
by experiment. 

But Ft is false that the dir(‘ction it assumes is the exact 
meridian of the jilace, tor it is only tiie mrignelic merulian, 
because every long slender piece of iion, when delicately 
suspended^ is» a magnetic needle. Tlie magnetic moiidian 
however IS only tin* direction of the currimt of the magnetic 
fluid ; and this direction, asds well knov^ n, lorms m almost 
every part of the earth an angle of greater or less e\tent, 
with the astronomical or true meridian. At London, for 
example, at present ( 1813), it is 24° 16';. Besides, unless the 
north and south points were knoun, it would be im])ossjble 
in this manner to distinguish them from each other. 

Kircber proposes a method by which he says, that the 
south and, the north may be easily know n. If the trunk of 
a very straight tree, growing in the middle of a plane, at a 
distance from any eminence or other shelter, that could de- 
fend it from the wind or the sun, be cut horizontally, several 
curved lines closer on the one side than tlie other, will be 
observed on the section. The side where the curved lines 
are closest will be the north j fiecaiise the cold coming from 
that (jiurter contracts, while tlie heat coming from the 
other dilutes the juices, and other matter of which the strat<t 
of the tree are formed. 

There is some truth and re,ason in the principle on which 
this method is founded ; but, besides that all trees do not 



THE tATlTHHE. 


9 


exhibit this phenomenon, it is not true that the north 
wind IS every where the coldest : it is often, according to 
the position of the place, the north-west or the north-east : 
in tliis case, 6ne of these points would be mistaken for the^ 
north. ^ 

Problem ii. 

To fnd the Latitude of any place^ 

Tiie latitude of any place on the earth, is Ita ^<(listancc 
from the erpiator; and is measured by an arc of the 
edestial rneudian, intei copied between the zcnitii of the 
place and the otpiator ; tor tins arc is sinnlar to that com- 
preheiKled on llio caitli between the place and the terres- 
trial eqnatoi. Tins is equal to the elevation of the pole, 
which is the arc of the mendiati intercepted between the 
pole and the lionzoii. To those thcrefoie whol^yc tillder 
the equator, the poles are in the hon/ori ; and if mcn‘. were 
inhabitants at either pole, the equator ^vould be in their 
horizon. — The latitude of any place on the earli may be 
easily found b} various method*.. 

1st. By the meridian altitude of tlic sun on any given 
day. For if the sun’s declination for that day, when the 
sun IS in any of the noitliern signs, and the given place in 
tlie northern hemispiiere, be subh acted from the altitude, 
the remaintler will be the elevation of the equator, tlie 
complement of which is the elevation of tbo^polc, or the 
latitude. Il the sun be in any of tbe souihetn signs, it 
may be readily seen that, to find the elevation ot the 
equatf>r, the decimation must be added. 

i^d. If the meridian altitude of one of tbe circumpolar 
stars, wdiich do not set, be taken twice in tlie course of 
tiie same rtight, namely once when directly above tbe pole, 
and again when ofactly below it ; and if from each of these 
altitudes the refraction be subtracted ; the mean betwe<m 
these two aJtitudes will be that of tbe polo, or the latitude. 
Or, take any two altitudes of such a star at the interval of 



10 


ASTBONOMY AND GEOGRAPHY. 

1 1*^58® of tinae, correcting them by subtracting the rc^ 
fractions as before ; then the mean between them w^ill be 
the height of the pole, or the latitude of the place. 

'5d* Look, in some catalogue of the fixed stars, for the 
distance of any star from the equator^ that is, its declinar 
tion ; then take its meridian altitu^^i and by adding or 
subtracting the declination, you wilfbave the elevation of 
the equ^r^ the complement o^which, as l^efore said, is 
the 

% 

PROBLEM in 

To find the Longitude of any on the earthZ 

The longitude of any place, or the 'second element of 
its geographical poMtion, is the distance of its meridian 
from a certain meridian, vvliicli by common consent is con- 
siderSd This first meridian is commonly sup- 

posed to%e that passing through the island of Ferro, the 
most eastern of the Canaries. But the mendian of the 
observatory of Paris is for the most part used by the 
French, and that of thv Royal Observatory of Greenwich 
by the English. 

Formerly the longitude was reckoned, from west to 
east, thrqvigiiout the whole circumference of the equator ; 
but at present it is almost the general practice to reckon 
both the first meridian, or the meridian ac- 

counted a^^^wh ; that is to say east and west, so that the 
longitude TCcording to this method can never exceed 180 
degrees : and in the tables it is marked whether it be east 
or west. We shall now proceed to show in what manner 
the longitude is delenmncHl, 

If two teticsirKil meridians, distant from each other 
15% tgr example, be supposed to be, continued to tbc 
heavens; it is evident that they will intercept, in the 
etpjator and all its parallels, arcs of the same number of 
degrees. It may be readily seen also that the sun will 
arrive first at the more eastern meridian, and that he will 



THB LOKOZTtDB* 


11 


th^n have ta pass over If" in the equator, or the parallel 
which he describes that day ddring his diurnal rotation, 
before he arrjves at the more western meridian. But to 
pass over 15® the sun requires one hour, since he employs 
2,^? hours to pass overjSfiO®; hence it follows, that when it 
is noon at the more eas^rn place, it will be only 1 1 o'clock 
in the morning at the more wcbtern. If the distance of 
the meridians of the twM places be greater or jess, the 
difference of the hours will be greater or Icss^^itf ,ihe pro- 
portion of one hour for 15°; and^consequcntly of 4 minutes 
for a degree, 4 seconds for a minute, and so on. 

Thus it IS sccii, that to determine the longitude of a 
pli^ce, nothing is necessary but to know w hat hour it is 
tliere, when it is a certain hour in another place situated 
under the first meridian, or the distance of which from 
the first meridian is known; for i( this differea||^ of time 
be changed into degrees and parts ol a degree^ allowing 
15* for one hour of time, one degree for 4 minutes, and so 
on, then the longitude of the proposed placv. will be 
obtained. 

To find this difference of hbnrs, the usual method is to 
employ the observation of some celestial phenomenon, 
that happens exactly at the same moment to every place 
oil the earth, such for example as eclipses of the moon. 
Two observers stationed at two places, the^ijbrencc of 
the longitude of which is reipiired, observe, means of a 
well regulated clock, the moments when tiie shadow sue- 
ccSsiv^elv reaches seveial remarkable Apots on the moon’s 
disk ; they then compare their observations, and by tl»e 
difference of the lime which they reckoned when , the 
shadow reached the same spot, they determine, as above 
explained, the difference of the longitude of Uio tVo 
places. 

Let us suppose, by w^ay of example, that an observer at 
Ijtondoh found, by observation, that the shadow reached 
the ‘spot cidicd Tycho at Ih 45m 50s in the morhftng; 
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and tbat another stationed at a place a made a similar cfb^ 
scrvation at 24m 30s after midnight : the difference of thii 
time IS ill 2lm 20s, which reduced to degrees |ind minutes 
of the equator, gives 20'" 20'. Tins is the difference of 
longitude ; and as it ^as later at London when the pheno- 
menon was observed, than at the pla^ a, it thence follows 
that the place A is situated 20" 20' farther west than 
London. ^ 

As ecHps^^of the moon are very rare, and as it is dif- 
ficult to observe M'ith precision wl en the shadow comes 
into contact with the moon’s disk, as to determine the 
commencement of the eclipse, and also the exact period 
when the shadow. reaches any particular spot, the modern 
astronomers make use of the immersions, that is the 
eclipses, of Jupiter’s satellites, and particularly those of 
the first, %hich, as it moves very fast, experiences frequent 
eclipses that end in a few seconds. The case is the same 
with the emersion or return of light to the satellite, which 
takes place almost instantaneously. For the sake of illuL- 
tration we shall .suppose that an observer, stationed at the 
place A, observes an immersion of the fi*-st satellite to have 
hap’pcncd on a ccitain dav at 4h 55m, in the morning; 
and another stationed at a place b at 3h 25m, The differ- 
ence being ill 30ni, it gives 22^ 30' for the difference of 
longitude, We may therefore conclude that the place a 
is farther ^ne cast than b, since the inhabitants at the 
former reckoned an liour more at the time of the pheno- 
racnoii. 

Rkmabk. — These observations of the satellites, which 
since the discovery of those of Jupiter, have been often 
repeatexi in every pait of the globe, have in some measure 
made an entire reformation in geography ; for the position 
in longitude of almost all places was determined merely 
by itinerary distances very incorrectly measured ; so that 
in general the longitudes were counted much greater than 
they really were. Towards the end df the seventeenth 
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century tbere^ were mon^ than 85* to be cqjb.off from the 
extent in longitude assigned to the old continent from the 
western oce$in to the eastern coast of Asia. 

This method, so evident and demonstrative, was how- 
ever criticised by the celebrated Vossius, who pre- 
ferred tlie itinerary results of travellers, or the estimated 
distances of navigators; but by this he only proved that, 
though he possessed a great deal of erudition , badly di- 
gested, he had a weak judgment, and was unac- 

quainted with the elements of astronomy. 

A knowledge of the latitude and longitude of the differ- 
ent places of the earth, is of so much importance to astro- 
nomers, geographers, ^c, that we think it our duty to give 
a tabic of those of the principal places of the earth. This 
table, which is very extensive, contains the position of the 
most considerable towns both in England and in France, us 
well as of the greater part of the capitals and remarkable 
places in every quarter of the globe; the whole founded 
on the latest astronomical observations, and the best com- 
binations of distances and positions* 

The reader must observe, that the longitude is reckoned 
from the meridian ol London, both east and \icst. When 
east It IS denoted by the letter k, and when west by the 
letter w- In regard to the latitude it is distinguished, in 
the same ibanner, by the letters xi and s,^lncli denote 
north and iouth. 



< U ) 


A TABLE 

CONTAINING THE LONGITUDES AND LATITODtS OF tHE 
CHIEF lOWNb AND MOST REMARKAULE PLACES OF THE 


EARTH. 


Names of plact s« 

^ CoUlltllCS. 

LahturV, or 
el of till pole. 

Longitude, or 
dif of merid*4 

Abbeville 


France 

50“ 7'N 

rss'B 

Aberdeeu^^ 

« 

Scotland 

57 6 n 

1 44w 

Abo . 1 

Acapulco 

4 

Finlaiul 

60 27 N 

22 15 B 


A merit a 

17 30 N 

10b 23 vr 

Achen 

• 

Sumatia 

5 22 N 

9) 40 B 

Adiunople 

• 

Tuikc} 

41 40N 

26 31 B 

Agra 

4 

India « 

26 43 N 

76 49 E 

Aleppo 


S\ na 

35 45 N 

37 25 1£ 

Alvandretta 


S^ 1 Kl 

30 35 N 

30 20 h 

Alexandria 


E«5l't 

31 It N 

30 17 E 

Algiers 4 

• 

Algurs . 

36 49 N 

2 18 E 

Alicant 

• 

hpain 

18 31 N 

0 7 w 

A Ilona 

4 

Geinian\ • 

53 38 N 

!) 55 B 

Altorf 

• 

Oemiany 

49 17 N 

11 11 E 

Amiens 

F 

Fiance 

4y 53 N 

2 23 B 

Amboyna 1. 

4 

Indici « 

4 25 N 

127 25 E 

Amsterdatn 

• 

Holland 

52 23 N 

4 52 B 

Anabona L 

4 

Etliiopia 

2 36 S 

5 35 B 

Aik ona 


Ilaly 

43 38 N 

13 31 B 

Andrews St ,, 

4 

Scotland 

56 18 N *’ 

2 37 W 

An^ers 

4 

Fiaiue 

47 28 N 

0 31 W 

Angouleiifife‘ 

4 

France . 

45 39 V 

0 14 E 

AnA(>pb8 llo}al 

• 

No\a Scotia . 

44 52 N 

64 0 W 

Antego 1. 


Canbbte 

t6 57 n 

62 4 W 

Antibes 

• 

Fiance 

43 35 N 

7 14 E 

Antiocbc^tta 

4 

S3 ria 

36 8 N 

36 17 E 

Antwerp 

4 

Flanders 

51 13 N 

4 24 B 

Archangel 

• 

Kusbla 

' 64 34 N 

38 59 B 

Arcot 

4 

Ii\dia 

12 51 N 

79 33 B 

Arles 

4 

Prance 

43 40 N 

4 43b 

Arras 

4 

France , 

50 18 N 

2 50 b 

A^ension L 


Brazil 

7 56s 

14 16 W 



lATItXJPBS AND i:bNOITUD*S. 1* 


Names of 

Countries. ■' 

Lot. oi; el. 
of the polr. 

Lon 

of 

. orilif. 
inetuls. 

Afltracan 

Siberia 

46° 

21' 

N 

48® 

8' 

£ 

Athene J . 

Turkey t 

38 

5 

N 

23 

52 

B 

Auth 

France 

43 

39 

N 

6 

40 

£ 

Augustine St. 

Florida 

30 

10 

N 

81 

29 


Augsburg 

Germany 


24 

N 

10 

26* 

B 

Avignon 

France 

43 

57 

N 

4 

51 

B 

Avranches • 

France 

4S 

41 

N 

1 

18 

^V 

Aurillac 

France ' 

44 

55 



32 

B 

Auxerre 

France 

47 

4h 

1# 

's 

•^9 

U 

Awatclia 

Kaiiitscliatka 

53 

1 

N 

158 

30 

£ 

Azoph 

Ciiniea 

47 

10 

N 

40 

55 

E 

Bagdad 

Rlesopotamia 

33 

20 

N 

4^4 

26 

E 

Bahama I, « 

America 

26 

45 

N 

78 

35 

W 

Baldivia ^ . 

Chill 

39 

38 

S 

73 

20 

W 

Bale 

Swibseiland 

45 

55 

N 

7 

40 

B 

Bangalore 

India 

13 

0 

N 

»7 

42 

B 

Buntry Bay 

lr<*land 

51 

45 

N 

10 

46 

W 

Barcelona 

Spain 

41 

26 

N 

n 

18 

B 

Bassora • 

Arabia 

29 

45 

N 

ay 

40 

B 

Batavia 

Java T, 

6 

12 

3 

106 

45 

B 

Bayeux 

Fiance 

49 

16‘ 

N 

0 

38 

W 

Bayonne 

F ranee 

43 

30 

K 

1 

30 

W 

Beechy Head 

England 

50 

44 

N 

0 

25 

B 

Belfast ^ 

Ireland 

54 

43 

N 

5 

52 

W 

Bencooleti ? 

Suiiuitra I. 

» 3 

49 


i02 

5 

£ 

Belgrade • 

Turkey 

45 

3 


' 

27 

E 

Bender 

Turkey 

46 

50 

^ > 


li 

E 

Bengal « 

India 

Q2 

0 

N 

92 

45 

K 

Bergen » 

«• Norway 

to 

10 

N 

6 

14 

K 

Berlin 

Germany 

52 

33 

H 

13 

26 

E 

Bermuda • 

Baiidnia L 

32 

35 

N , 

63 


W 

Berne • 

Swibbt'iland'. 

46 

58 

N 

7 

31 

B 

Bemtck, , ' , # 

England 

55 

45 

N 

1 

50 

w 

Besao^n 

' Trance 

. 47 

13 

N 

6 



Besaeres 

France 

43 

20 

N 

3 

18 

k 

Bilboa 

^^paiit .< 

43 

2{? 

N 

3 

18 

w 

Blais « 

Fwnee 

47 

85 

N 

1 

24 
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ASTRONOMY ANO CEOOBAPHY. 


Names of places. 

Cotfbtries. 


Lat. or eU 
of the pole. 

Lon. or dif. 
of mcridti. 

Bologna 

Italy 

. 

44®29'»f 

1 i^ae'R 

Bolkeresikoy 

Kamtschatka 

52 54 Ii> 

^ 156 B5 B 

Bombay 

India 

• 

18 57 N 

72 43 R 

Borneo 

J^orneo I. 


5 ON 

112 15 £ 

Boston 

England 

• 

'53 10 N 

0 35 R 

Boston 

America 

• 

42 25 N 

70 32 Rr 

Botany Baj 

N. Holland 


34 69 

151 20 B 

BoulognitJ . 

F ranee 


50 44 N 

1 40B 

Bourdeaiix 

F ranee 


44 50 N 

0 30 W 

Bou rg-tn-Bresse 

F ranee 

• 

40 i2 N 

5 19 B 

Bouiges 

F ranee 

• 

47 4 N 

2 28 B 

Bremen 

Germany 

• 

53 30 , N 

9 0 E 

Breslaw 

Sdesia 

# 

51 3 N 

17 13 E 

Brest 

F ranee 

• 

48 23 N 

4 26 W 

Bridge Town 

Barbadoes 1. 


13 5 N 

59 36 W 

Bristol - 

Engiaiid 


5J 27 N 

2 35 W 

Bruges 

Flanders 

• 

51 11 N 

3 12 E 

Brussels 

Flanders 

• 

50 51 N 

4 27 E 

Buclian-ness 

Scotland 

• 

57 29 N 

1 23 W 

Bucharest 

Wallachia 

• 

44 27 N 

26 13 E 

Bmla 

Turkey 

# 

47 28 N 

19 51 K 

Buenos Ayres 

Brasil 

4 

34 3S S 

58 .36 w 

Cadiz 

Spam 

• 

36 31 N 

6 7 w 

Caen 

F ranee 

• 

49 11 N 

0 17 w 

Cafta 

^ Crimea 

• 

44 45 N 

35 55 b 

Ca|,^iari 

Sardinia I. 

• 

39 25 N 

9 38 B 

Cairo '4^ 

Egypt 

• 

30 2 N 

31 26 E 

Calais 

France 

• 

50 57 N 

1 56 B 

Culs&otta 

India 

• 

2t 35 N 

88 34 B 

Calicut 

India 


11 15 N 

7S 39 E 

CgtWo . 

Peru 

4 

12 2s 

76 S3 W 

Camboim! 

India , 

• 

10 35 N 

IJH 45 B 

Cam^iray 

F ranee 

« 

50 10 ». .< 

.^ "3 19 B 

Cam|>4^e 

England 


M2 t$ U ' 

0 9B 

CauanaT. 

Canaries 


28 IN 

IS i>w 

Caniba 

Ceylon 

• 

f ' 54 V 

81 “ 5 $ E 

Cfuaterburj 

England 


51'^ 17 tr 

1 32'B 
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Kattics of places. 

Countries. 

Lat. or ul. 
ol tlic 

Lon ^1 dif. 
of merUU. 

Cape Camaria • 

India ' • 

7'‘56'N 

78“ 7'e 

Cape Fiai^m « 

Spain 

42 52 N 

9 13 w 

Cape Francois , 

St. Domingo L 

19 5? N 

71 22 w 

Cape To<wn 

Cadraria . ^ 

,33 55 S 

18 23 E 

Cape Kamtt»chatka Russia 

'51 3 N 

lOO 12 E 

Cape Ortegal . 

Bay of Biscay . 

43 -17 N 

7 34 W 

Cape St. Lucas . 

California 

23 28 N 

| Q 9 20 W 

Cape Verd 

Negroland 

14 45 N 

28 W 

Caracas 

South America 

10 On 

6^6 45 W 

Carcassone 

F raiicp 

43 12 N 

2 25 £ 

Carlescrona . 

Sweden 

50 20 N 

15 31 K 

Carlisle 

England 

54 47 N 

2 35 W 

Carthageria 

Spain 

37 37 N 

1 3 W 

Carthageua 

South America 

10 27 N 

75 22 W 

Caimn 

Russia 

55 45 N 

48 40 E 

Cassel 

Genoa n}' 

51 19 N 

9 21 E 

Castrea 

1 '’ ranee 

43 57 N 

2 20 E 

Cayanncbourg , 

Finlaiicl 

04 13 N 

41 9 E 

Cayeune I. 

South Amcncd , 

4 50 N 

52 low 

Cay St. Louis . 

St. Domingo 1. . 

18 19 N 

7.1 1 W 

Cephalonia 1 . « 

Tuikcy 

38 20 N 

20 11 E 

Cette ^ • 

France 

43 20 N 

0 2l w 

Ceuta 

Barbary 

35 ly N 

5 ?5 W 

Cesene 

Italy 

44 ft N 

12 17 E ' 

Chalons-aur-Marne France 

48 57 N ■, 
46 47 N'l 

0 23 E 

Chalon^-au r-Saoue 

France 

. 4 56 K 

Chandernagor 

Bengal 

22 51 n’ 

■%& 34 E 

Charlestown . 

Carolina . 

33 22 N 

7l) 50 w 

Chartres 

FmifU'e 

48 VO N 

1 34 R 

Cherbourg 

France 

49 2S N 

1 33 W 

Cheste4’ 

England 

5? 10 n 

, •% 25 w. 

Christiana 

Norway * 

09 25 N 

19 30 8 

Chrmtian&tadt 

Sweden 

02 47 N 

22 60 S 

Civit^a Yecchia 

Italy 

42 5 N 


Clagenfurth , 

Carinthia 

47 20 N 

14 57 E 

Clefmput*Ferrand 

France 

45 46 N 

3 10 B 

Coebin 

India 

9 50 N 

76 en 

vot. IH. 


c 
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NaoMK of places. 

Countries. 


Idt, or el. 
of the pole. 

Loti, or til' 
oi mend* 

Colchester 

• 

England 


S2®00' N 

0*68' € 

Colhoure 


France 


42 31 N 

3 lOE 

Coloi'iie 


Germany 


50 55 N 

7 lOE 

Coinpiegiie 


F ranee 


49 25 N 

2 55 E 

Conception 

la . 

Chill 


36 43 S 

73 13 Mr 

Conj^o It. 


Congo 


5 45 S 

11 53 E 

Constance 


Swisseiland 


47 42 N 

8 58 ,B 

Constantinople 

Tuikey 


41 00 N 

28 53 E 

Copenhagen 


Denmark 


55 41 N 

12 40 E 

Cordova 


Spain 


42 N 

3 47 W 

Corfu 


T ui ke} 


.19 50 N 

19 48 E 

Con nth 


Turkey 


37 30 N 

23 OOE 

Corke 


Ireland 


51 54 N 

8 30 M 

Corsica S 

part 1 

Italy 


42 53 N 

9 40 F. 

u. 

part J 


41 22 N 

9 26 E 

Coutance 

, 

France 


49 3 N 

J 22 W 

Cowes 


Isle of Wight 


50 46 N 

1 15 W 

Cracow 

• 

Poland 


50 10 N 

19 55 E 

Cremsrnunster 

Germany 


48 3 N 

14 8 E 

Cruz St. I. 


Antilles 


17 53 N 

64 55 W 

Ciiddalore 


India 


11 41 N 

79 51 K 

Curassoa 


We^t Indies 


11 56 N 

63 20 W 

Cusco 

• 

Peru 


12 25 S 

73 35 W 

Dabul 

a 

India 


l8 21 N 

73 33 C 

Danzic 


Poland 


54 22 N 

‘lb 39 E 

1 Dartmouth 

if 

• 

England 


50 27 N 

3 36 W 

Deseada 1^. 


Canbhees 


16 36 M 

61 10 W 

I)’» j>pe 


France 


49 55 N 

0 9 E 



F ranee 


^7 19 N 

3 7 E 

1),' Iviigen 

a 

Germany 


43 30 N 

10 19 B 

Dol 


France 


48 33 M 

1 41 w 

Dole 


Fracce 


45 5 N 

5 34B 

Domingo St. . 

Antdies 


IS 25 N 

69 30 W 

Dordrecht 

• 

^ cthcrlandii 


52 00 N 

4 26 & 

Dover 


England 


51 7 N 

1 24'E 

Dresden 

• 

Saxony 


51 6 N 

13 31 X 

Drontheim 

« 

Norway 


63 26 N 

11 . 8 X 



LATITUDES' AKD I.OKeiTV)nSS. Id 


of places. 

Countries. 


Lat. or cl. 
of the pol<‘. 

r>OTi, or dif. 
ol meilils. 

Dublin 

Ireland 


53‘^21'N 

G® lOSv 

Dunbar 

Srotlaiul 


55 r>s N 

2 22 W 

Dundee 

Scotland 


56 26 N 

2 48 W 

Diingf»nes» 

England 


50 55 N 

1 3 E 

Dunkirk 

France 


51 2 N 

2 27 K 

Durazzo 

Turkey 


41 56 N 

25 00 E 

Edinburgh 

Sc'otbind 


55 58 N 

3 7 W 

Elba I. 

Italy 


42 n N 

l b 38 E 

Elbing 

Poland 


5*1 1 2 N 

20 35 E 

Elsinbtirg 

Sweden 


56 00 N 

IJ 3.) E 

Elsinore 

Denmark 


56 00 N 

J.3 23 E 

Embdeii 

Cierniciny 


53 5 N 

7 26 R 

Enchuyseii 

Holland 


52 4't N 

5 6 E 

EplieRUs 

Natolia 


38 00 N 

27 53 E 

Erfurth 

Germany 


51 6 N 

10 20 E 

Ell van 

Armenia 


40 30 N 

41 25 K 

Erzeruni 

Armenia 


3J 57 N 

48 41 E 

I'Aistatia 

(’aribbee 


17 30 N 

6 3 4 %V 

Faenza 

Italy 


41 17 N 

1 1 55 E 

Falmouth 

England 


50 8 N 

4 58 W 

Feruarnbouc . 

Brasil 


S 13 s 

35 5 w 

Fefraru 

Italy 


4 1 50 N- 

11 40 E 

Ferro I. 

Cana lies 

* 

27 48 N 

17 40 W 

Fiiiisterre C. . 

France 


. 42 52 N 

i) 12 \V 

Fladstrand 

Deiiniai k 


57 27 N 

10 37 E 

Florence 

Italy 


43 46 If 

n 7 H 

Flushing 

Holland 

• 

51 33 N 

3 20 W 

Forbishter’s Straits 

Greenland 


6i 5 N 

47;# 18 W 

Formosa I. 

- 

> China 

• 

21 25 N 

lit 25 E 

1 SpE 

J 


22 00 N 

120 40 K 

Frankfort on the 

Germany 


50 6 N 

8 40 E 

Mayii 




Frankfort' on the 
Oder 

Germany 


52 26 N 

14 38 E 

F rederiekstadt 

Norway 

. 

59 00 N 

n 10 E 

F rejtts 

France 

• 

43 26 N 

6 50 E 

Gallipoli' 

Turkey 

* 

40 36 N 

C 2 

27 2 1- 
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Names of places. 

Gambia R. 

Geneva 

Genoa 

Ghent 

Gibraltar 

Glasgow 

Gloucester 

Gluckstacll 

Goa 

Gombroon 

Good Hope Cape 

Gottenburg 

Gottingen 

Granville 

Gratz 

Greenwich 

Grenoble 

Grypswald 

Guadaloupe I. 

Guiaquil 

Guernsey L . 

PTague 

Halifax 

llalle 

Hamburgh 

Harlem ' • 

Harwich ' 

Hastings 

Havaunah 

Havre de Grace 

Helena St. I. . 

Holy Head 

Horn Cape • 

Hull 

Hydrabad 
Jacoutsk 
Jafnapatau C. 


Countries. 


Lat. or el. 
of the pole. 

Loa. or Jit 
of inerids. 

Negrolund 


IS^OiyN 

14«58'W 

Sw isserland 

V 

46 12 N 

6 5 K 

Italy 


44 25 N 

8 41 E 

Netherlands 

• 

51 4 N 

3 47 E 

Spain 


36 5 N 

5 17 W 

Scotland 


55 52 N 

4 low 

England 


51 50 N 

2 16 W' 

Holstein 


53 4S N 

9 3l E 

India 


15 31 N 

73 50 E 

Persia 

• 

27 40 N 

55 20 e 

Afiica 

• 

34 29 s 

18 28 E 

Sw eden 

• 

57 42 N 

11 44 E 

Germany 

• 

51 32 N 

9 58 K 

F ranee 

• 

48 50 N 

1 33 W 

Styrta 

• 

47 4 N 

15 29 E 

England 

• 

51 29 N 

0 5 E 

France 


45 11 N 

5 39 W 

Pomerania ^ 


54 4 N 

13 43 E 

Caribbee 


16 00 N 

61 55 W 

Peru 


2 10 s 

81 5 W 

England 


49 30 N 

2 47 W 

Holland 


52 4 N 

4 22 E 

Nova Scotia 

• 

44 46 N 

63 20 W 

Saxony 


51 31 N 

1 1 46 E 

Germany 

• 

53 34 N 

9 55 E 

Holland 

• 

51 24 N 

4 10 R 

England 


52 11 N' 

1 18 £ 

England 


50 52 N 

0 46 E 

Cuba 1. 


*63 12 N 

82 13 W 

F ranee 


49 30 N 

0 11 E 

Africa 


15 55 S 

5 44 W 

Wales 


53 23 N 

4 40 W 

South America 


55 5g S 

67 21 W 

England 


53 50 N 

0 2$ yr 

India 


17 12 N 

78 56 E 

Russ. Tartary 

• 

62 20 N 

129 46 e; 

Ceylon I. 

• 

9 47 N 

80 55 K 



LATITUDES AKO LONGITUDES. 


Karnes of placet* 

Countries. 

Lat. or cl. 
of the pole. 

15“ 7'n 

Jago St 

Cape Verdi. 

, . CW.end‘ 

Jamaica ^ 5 . 

^ West Indies 

18 45 N 

18 00 N 

Jaasey 

Moldavia 

47 9 N 

Java Head 

Java L 

6 49 s 

Jeddo 

Japan 

36 00 N 

Jena 

Germany 

51 2 N 

Jersey 1. 

England 

49 7 N 

Jerusalem 

Palestine 

31 55 N 

Jeniseik 

Russ. Tartary 

58 27 N 

Ingolstadt 

Germany 

48 40 N 

Inspruc • 

Tyrol 

47 18 N 

Inverness 

Scotland 

57 33 N 

Jsamia I. * 

Zaiiguebar 

12 5 S 

Joppa 

Syria 

32 45 N 

Ipswich E 

England 

52 14 N 

Ismail 

Tuikey 

45 21 N 

Ispahan 

Persia 

32 25 N 

Juan Fernandez 1 

. Chih 

33 45 s 

Judda 

Arabia 

21 29 N 

Ivica I. 

Spam 

38 54 N 

K,amt 8 chatka lower Russia 

56 n > 

Kamtscliatka upper Russia 

54 48 N 

KildaSt. I. . 

Scotland 

67 44 N 

Kinsale . ^ 

Ireland 

51 41 N 

Kongkitao Cape 

Corea 

37 30 N 

Konigsberg . 

Prussia 

54 42 N 

Ldancaster 

England 

54 42 N 

^Landau 

Brance 

49 11 N 

Lands End . 

England 

50 6 N 

Landficrona • 

Sweden 

55 52 N 

Langrea 

France 

47 50 N 

Lausanne 

Swisserland 

46 31 N 

X*e 6 da » 

England 

53 48 N 

Leghorn 

Italy 

43 33 N 

Lapaio 

Germany 

51 19 N 

Leostoff 

England 

52 38 N 


SI 

Lon. or dif. 
of meiids. 
23 030 V 
78 00 W 
76 40 w 

27 35 E 

105 6 E 

139 40 E 

11 23 E 
2 26 W 

35 25 E 
91 25 E 

11 28 B 

12 OOE 
4 2 W 

45 45 £ 

36 00 E 
1 00 B 

28 55 E 
52 55 E 
78 37 w 

29 27 E 
1 15 B 

159 25 £ 
162 10 B 
8 18 W 
8 23 W 
JI6 27 B 
31 23 B 

4 36 W 
8 13 « 

5 20 W 

12 55 B 

5 26 b* 

6 50 B 
1 33 W 

10 25 K 

13 25 B 
1 54 b 



23 


ASTBONOMY AND GEOCBAPHY. 


Names of places. 

Countries. 


Lnt or el. 
of the pole. 

Lon. «r ilif. 
nf tner'itT). 

Lepanto 

Turkey 


38°20'N 

22® 3'B 

Le3’^d€’n 

Holland 


52 10 N 

4 33 B 

Liverpool 

England 


53 22 N 

3 low 

Liege 

Germany 


50 36 N 

3?' 40 E 

Lima 

P*‘ru 


12 1 S 

76 44 w 

Liiueric 

Ireland 


52 22 N 

10 00 VY 

Lisbon 

Portugal 


38 42 N 

9 

Lizard 

England 


4() 57 N 

3 10 W 

London 

England 


51 31 N 

0 O 

Londonderry 

Ireland 


55 1 N 

7 31 w 

Loretto 

Italy 


43 27 N 

13 38 E 

Louisburg 

Cape Briton 


45 54 N 

59 50 W 

Louvain 

ISetherlandb 


50 50 N 

4 55 E 

Lubee 

Geimaiiy 


54 00 N 

11 40 E 

Lucia St, I. 

Ci^ibbce 


13 25 N 

00 46 W 

Lucca 

Italy 


43 .50 N 

10 35 B 

Luuden 

Sweden 


55 42 N 

13 2U£ 

Luxembourg 

Nethcrlaii^ 


4y 37 N 

6 17 E 

Lynn 

England 


52 46 N 

0 30 E 

Macao 

China 


22 12 N 

113 46 E 

Macassar 

Celebes T. 


5 y s 

119 50 E 

Madras 

India 


13 5 N 

80 34 E 

Madrid 

Spain 


40 25 N 

03 21 W 

Madura 

India 


9 34 N 

78 18 E 

Mahon Port 

Minorca 


39 51^ 

3 53 B 

Majoiaal. 

Spain 


39 35 N 

2 35 E 

Malacca 

India 


2 12 N 

102 10 B 

Malta I. 

Italy 


35 54 N 

14 34 B. 

Manchester 

England 


53i '24 N 

2 20 vr 

Manilla 

Liicoma I. 


14 36 N 

120 58 B 

Mantua 

Italy 


4.5 2 N 

10 IS B 

Mafseilles 

France 


43 16 N 

5 27 E. 

Maj’tuiicu T* 

West Indies 


14 36 

61 4 W 

M^ulipatam 

India 


l6 28 N 

81 40 B 

Mauntius I. 

Africa 


20 10 S 

57 .33 S' 

MeacQ^ 

Japan 


35 35 N 

1.33 20 B 

Meaux < 

France 


48 58 s 

2 55 B 



LATITUDES AND LONGITUDES, 

_ Tjit. oi el. 

28 

Lon. or lid'. 

Namei of places. 

Countries. 

ot thf pul**. 

of inrnds. 

M^ca , 

Arabia 

21*’ 40'N 

dl^OO'S 

Mechlin 

Netherlands . 

51 2 N 

4 34 E 

Medina 

Arabia • 

24 58 N 

39 33 B 

Metnel '?£* 

Courland 

55 48 N 

22 23 E 

Messina 

Sicily 

38 21 N 

16 21 B 

Metz 

F ranee 

49 7 N 

7 i6b 

Mexico • 

Mexico 

19 54 N 

100 1 W 

Milan 

Italy 

45 28 N 

<) IS B 

Mocha 

Arabia 

13 45 N 

44 4 E 

Modena 

Italy 

44 34 N 

11 18 £ 

Montpelier 

F ranee 

48 30 N 

3 57 K 

Montreal 

Canada « 

45 52 N 

73 11 W 

Mosuinbique 

Zangue 

15 GO S 

41 40 £ 

Moscow 

llubbia 

55 45 N 

37 51 E 

Munich 

Germany 

48 10 N 

11 35 E 

Munster 

Germany 

52 00 N 

7 40 E 

ISamur 

N elhei lands , 

50 20 N 

4 SOB 

Nangasaki 

Japan,^ 

32 32 N 

128 50 E 

Nankin 

China 

32 7 N 

! 19 35 E 

Nantes 

France 

47 13 N 

1 29 W 

Naples 

Italy 

40 51 N 

14 19 E 

Narbonne 

F ranee 

43 11 N 

3 5 E 

Narva 

Livonia 

5 {) 23 N 

29 27 E 

Naze 

N orway 

57 50 N 

7 32 B 

Negapatnam 

India 

JO 46 N 

80 2 £ 

Nevis I. 

Caubbee • 

17 U N 

62 52 W 

Newcastle 

England 

55 3 N 

1 26 W 

Nice 

Italy 

43 42 N 

7 22 E 

Nieuport 

^ Flanders 

51 8 N 

2 SO K 

Nombre de Dios 

South America 

9 43 N 

78 33 W 

Nootka Sound • 

America 

49 30 N 

126 36 W 

Noyon 

F ranee 

49 34 N 

1 44 B 

Nutemberg 

Geimanv 

49 27 N 

11 12 B 

Ochpzk 

Tartary 

59 20 N 

143 18 W 

Oczakow 

Turkey 

45 12 N 

34 40 B 

Oiinda 

Brazil 

S 13 S 

35 00 W 

Olmutz 

Moravia 

49 43 N 

17 37 E 

t 



2i ASTltOlK^MY AND GtOGBAPHT. 


Nwfts of places* 

Countries, 


Lat. or el. 
of the pole. 

Lon. or^f. 
of nleridi. 

Oneglia 

Italy 

• 

43° 5/ N 

7 ° 52% 

Oporto 

Portugal 


41 10 N 

8 22 W 

Orao 

Barbary 

• 

35 45 N 

P 

Orenburg 

Astracan 

M 

51 46 N 

m 14 ji 

Orkney isles 

Srotlnnd 

• 

CSP 24 N 

3 23 W 



1 58 44 N 

2 11 W 

Orleans New 

Louisiana 


30 00 N 

89 54 W 

Orleans 

France 


47 54 N 

1 sgs 

Ormiis I. 

Persia 


27 ;!0 N 

55 17 E 

Orotava 

C anaries 


28 23 N 

16 19 W 

Ostend 

Flanders 


51 14 N 

3 00 £ 

Ozaca 

Japan 


35 10 N 

134 5 E 

Padua 

Italy 

• 

45 22 N 

11 59E 

Paita 

Peru 

« 

5 20 S 

80 35 W 

Palermo 

Sidly 

• 

38 10 N 

13 43 E 

Palikate 

India 


13 40 N 

80 SOB 

Pampeluna 

Spain 


42 41 N 

1 35 W 

Panama 

Mexico ^ 

• 

8 45 N 

80 low 

Panorma 

Turkey 

# 

40 .5 N 

21 40 E 

Para 

South America 

] 30 3 

47 5 W 

Paris 

France 


48 50 N 

2 23 E 

Parma 

Italy 


44 45 N 

10 00 E 

Passou 

Gt rmaiiy 

• 

48 30 N 

13 5 E 

Patmos L 

NatoUa 

• 

37 22 N 

26 48 E 

Pavia 

Italy 


45 4Sn 

9 ) 6 e 

Pegu ' 

India 


17 00 N 

96 58 S 

Pekin 

China 


3.9 55 N 

lid 29 B 

Perpignan 

F ranee 


42 43 N 

2 59 E 

Petei'sburg 

Russia 


59 56 N 

30 24'B 

Philadelphia 

America 

• 

39 57 N 

75 8 W 

Pico I. 

Azores 

• 

38 29 N 

28 19 W 

PiSa 

Italy 

• 

43 43 N 

16 17 B 

Plymouth 

England 


50 22 N 

4 low 

Pdtidicherry 

India 


11 42 N 

79 58 * 

Port Mahon 

Minorca L 


39 51 N 

3 33 E 

Porto Bello 

New Spain 


9'33 N 

79 45 W 

Porto Pra^ a 

C. Verde 


14 54 N 

23 24 V 
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oC places. 

Countries. 


Lat. or el. 
of the pule. 

Lon. or dif. 
ot inerids. 

PoM Royal 

Jamaica 

« 

17 " 59 ' N 

76 “ 40' W 

Pott Roval 

Martiriico 

*• 

14 ;i6 N 

Ol 4 W 

Po^t Rcj^al 

Acadia 


45 2 N 

65 00 W 

Port«m<rath 

England 


50 48 N 

1 ivr 

Prague 

Bohemia 


50 4 N 

M 50 E 

Presburg 

Hungary 


48 8 N 

17 33 B 

Quebec 

Canada 


46 49 N 

71 10 W 

Quiloa 

Zangiiebar 


9 30 S ’ 

■ 89 9 E 

Quimper 

F ranee 


47 58 N 

4 2 vr 

Quiuatn 

Cochin China 

J2 52 N 

109 10 E 

Quito 

Peru 


0 13 S 

77 50 w 

Ragusa 

Dalmatia 


42 45 N 

20 00 B 

Rajapoor 

Indi.i 


17 19 N 

73 50 e 

Ramsgate 

Eni»laiid 


51 20 N 

1 22 B 

Hatisboii 

Germany 

• 

4y 2 N 

12 1 E 

Ravenna 

Italy 

* 

44 20' N 

12 21 U 

Rennes 

F ranee 


48 On 

1 37 w 

Reims 

Franc# 

4 

49 l4 N 

4 8 B 

Revel 

Livonia 

• 

59 2 O N 

24 2 1 B 

Riga 

Livonia 


50 56 N 

23 44 B 

Rimini 

Italy 


‘ 44 3 N 

4 8 B 

Rio Janeiro 

Brazil 


22 54 S 

42 40 W 

Rochelle 

Frame 


40 10 N 

1 5 W 

Rochester 

England 


51 20 N 

0 SOB 

Rom<L C • 

Italy 


41 54 N 

12 34 B 

Rostock 

Germany 


54 10 N 

12 50 B 

Rotterdam 

Holland 


51 50 N 

4 33 E 

Rouen 

France 

• 

49 27 N 

1 lOB 

Rye 

England 

• 

51 3 N 

0 45 B 

SftlBa 

Baibnry 

4 

32 30 N 

8 50 W 

Samt.Flour 

France 

0 

45 2 N 

3 11 E 

Saint-Mfitlo 

France 

4 

48 39 N 

1 57 W 

SainVOmer 

F ranee 


50 44 N 

2 30 B 

Salerno 

Italy 

4 

40 39 N 

14 48 B 

Sallee • 

Barbary 


33 58 N 

6 20 W 

Satonicha 

Turkey 

* 

40 41 N 

23 13 E 

Satragoftsa 

Spain 

• 

41 40N 

0 39 wr 
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Names of places. 

Countries. 


Lat. or e], 
of tbe pole. 

Loo. or <||f# 
of ineri^. 

ScanderooQ 

Syria 

. 


36"2S% 

Schnmaki 

Persia 

, 

40 30 N 

37 5 E 

Scilly Isles 

England 

• 

50 00 N 

6 45 W 

Selinginsk 

Rubs. Tartary 

51 6 N 

lOf’ 42 E 

Senegal R, 

Negroland 


15 53 N 

16 26 W 

Senlis 

France 


4<) 13 N 

2 39 E 

Sens 

France 


48 12 N 

3 22 E 

Senngapatani 

India 


12 32 N 

76 52 B 

Seville 

Spam 


37 21 N 

6 4 W 

Slieerness 

England 


5) 25 N 

0 50E 

Siam 

India 


1-1 18 N 

100 55 E 

Sienna 

Italy 


43 20 N 

11 26 E 

Sierra Leone 

Guinea 


6 30 N 

12 7 w 

Shields 

England 


55 2 N 

1 20 W 

Shetland 1. 

Scotland 


rbo 47 N 

0 10 W 




Idg 5 1 N 

1 31 W 

Skalolt 

Iceland 


04 10 N 

17 25 W 

Smyrna 

Natoha 


3S 2S N 

27 25 E 

Soeatora I. 

Africa 


12 l.> N 

52 55 P. 

SoisBonh 

F ranee 


4p 21 N 

3 24 E 

Southampton 

/|£ngland 


50 55 N 

1 00 W 

Spolotto 

Italy 


41 57 N 

12 50 E 

Spurn 

England 


53 35 N 

0 30 E 

Start Point 

England 


50 1^ N 

3 39 W 

Stettin 

Pomerania 


51 3e^^N 

15 25 B 

Storkholm 

Sweden 


59 22 N 

18 12 E 

Stockton 

England 


5 1 33 N 

1 15 W 

Stmelsund 

Germany 


54 23 N 

14 10 E 

Strttsburgh 

France 


48 34 N 

7 51 B 

Stromness 

Orkneys 


58 56 N 

3 26 W 

Stuttgard 

Germany 


48 40 N 

9 7b 

Sukadana 

Borneo I. 


1 OOS 

1 10 40 B 

Sunderiand 

England 


54 55 N 

1 00 W 

Surat 

India 


21 10 N 

72 28 E 

Surinam 

South Amenca 

6 30 N 

55 30 W 

Swansey 

Wales 

• 

51 40 N 

4 25 W 

Syracuse 

Sicily 

. 

37 4 N 

15 SI B 
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r^Oie? of places. 


Countries, 

Ldt. or el. 

4)f tlie pole. 

Lon. or (lit, 
of morids. 

Ta^^r 


'Barbary 

35° 55' N 

5^45'W 

T«rt'i»to 


Italy 

, <10 43 N 

17 31 IS 

Taum 


Persia 

33 5 N 

46 55 B 

TelHis 


Geo»gja 

42 55 N 

46 25 E 

UVlhcliery 


India 

. n 42 N 

75 30 E 

Temt'bv\ar 


Hungary 

4+ 42 N 

22 00 K 

Tenenll Peak 


Canal les 

28 13 N 

16 21 W 

Tetuan 


Barbary 

, 35 27 N 

4 50 W 

Tinmouth 


Kiij^^larid 

. 55 3 N 

1 17 w 

The«^t.‘aIonica 


Greece 

IH 36 N 

23 13 B 

Tobaj^ti I, 


Cuiibbee 

1 1 15 N 

00 27 w 

Toliolbki 


Siberia 

. 53 12 N 

08 20 E 

Toledo 


Sjiain 

. 39 50 N 

2 15 W 

Tonqu»u 


India 

20 50 N 

105 .55 R 

T onsbery^ 


Norway 

. 53 50 N 

10 5 1-, 

Torbay 


Englaixl 

50 J 1 N 

3 30 «' 

Tornea 


Sw< den 

()5 51 N 

21 l6 K 

Toulon 


France 

. 4'1 7 N 

0 2 fc. 

Toulouse 


France 

4 i 36 N 

1 31 K 

Tours 


France 

, 47 23 N 

0 46 R 

IVente 


Italy 

. .,,45 43 M 

10 45 t. 

Trieste 


Cariuola 

. 45 51 N 

11 3 B 

Tiinquenialee 


Ceylon I. 

8 50 N 

81 21B 

Tripoli 


Syria 

, 3 1 53 N 

33 7 R 

Tripoli 


Barbary 

. < 32 51 N 

13 10 K 

TruxilJa 

• 

Ptnu 

8 00 s 

78 35 w 

Tunis 

• 

Bai bary 

36 47 N 

10 16 R 

Turin 

« 

Italy 

. 45 5 N 

7 45 B 

Tyrnau 


Ilungaiy 

. 48 23 N 

17 39 E 

Valencia 


Spam 

. 39 30 N 

0 40 W 

Valladolid 


Spam 

. 41 42 N 

5 34 W 

Valpanso 


(h.H 

. 33 3 N 

72 14 W 

\ aruies 

« 

F ranee 

. 47 39 M 

2 41 vr 

Venice 


Italy 

. 45 27 N 

12 9 E 

Vera Cruz 

0 

New Spam 

19 12 N 

97 85 w 

Verona 

• 1 , 

Italy 

. 45 26 N 

11 24 E 

Vemailles 


F ranee 

. 48 48 N 

2 12 K 
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Namc« of places. 

Countries. 


Lat or el. 
of the pole. 

Vienna 

Germany 


48® 13'N 

Vigo 

Spain 


42 14 N 

Vilna • 

Poland 


54 41 E 

Viterbo 

Italy 


42 25 N 

Upsal 

Sweden 


59 52 N 

ITraniburg 

Denmaik 


55 54 N 

XJrbino 

Italy 


43 43 N 

Wardhui* . 

Lapland 


70 23 N 

Warsaw 

Poland 


52 14 N 

Waterford 

Ireland 


52 7 N 

Wells 

England 


53 7 N 

Wexford 

Ireland ^ 


52 13 N 

Weymouth 

England 


52 40 N 

Whitby 

England 


54 30 N 

Whitehaven 

England 


54 25 N 

Wicklow 

Ireland 


52 50 N 

W’'ittenbprg 

Saxony 


51 43 N 

Wurtzburg 

F ranconia 


49 46 N 

Wybourg 

Finland 


00 55 N 

Yamboa 

Arabia 


34 25 N 

Yarmouth 

4^nglaiid 


52 55 N 

Yellow River 

China 


34 6' N 

Ylo 

Peru 


17 36 s 

York New 

America 


40 43 N 

Youghal 

Ireland 


51 4Sn 

Zacatula 

Mexico 


17 10 N 

Zagrab 

Croatia 


46 6# 

Zante I. 

Italy 


37 50 N 

Zara « 

Dalmatia 


44 15 N 

Zurich 

Swieserland 


47 22 N 


Lon. or 
of morras^ 

16 * 2 ^ 
8 23 W 
25 46 Z 
12 12 B 
17 47* 
12 57 B 
12 43 B 
51 12 E 
21 5 E 

7 42 W 

1 CX) K 

6 56 w 

2 34 w 

0 50 W 

3 15 W 
6 30 w 

12 38'£ 
10 11) E 
30 20 E 
38 54 E 

1 40E 
120 10 E 

71 8 W 
74 4 W 

8 6 W 

105 00 W 

10 IdB 
21 30 £ 
16 55 k 

9 21 £ 
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PROBLEM IV, 

J^o find what d^clock it is at any place of the earthy when it 
is a certain hoar at another. 

As the earth makes one revolution on its axis in the 
course of a common day, or of 24 hours, every point of 
the equator wilj describe the whole circle of 360 degrees 
in that period ; and therefore if 360 be divided by 24, the 
quotient 15 will be the number of degrees that corre* 
.>pond to one hour of time. Hence it is evident that two 
places which are 15 degrees of longitude distant from 
each other, will differ one^'hour in their computation of 
time, one of them making it earlier or later according as 
it is situated to the east or west of the other. To deter- 
mine this problem tlicvefore, find by the preceding table 
the difference of longitude of the two places, which may 
be done by subtracting the longitude of the one from that 
of the other if they are both east or both west of London, 
or by adding them if the one u cast and the other west, 
and then change the sum or dillcrer>|)||^ into time ; this time 
added to or subtracted from the hour at one of the given 
places, will give for result the hour at the other. If Lon* 
don be one of the places proposed, tlie difference of longi* 
tude will be fc^nd in tlie last column to the right in the 
preceding t^hle. 

To change the diffcicnce of longitude into time, 
multiply by 24, and divide by 3C0, or multiply by 4, 
and divide by 60 5 or only divide by 15; or find the 
hours and minutes corresponding to the given degrees 
and minutes in the subjoined table, which will greatly fa- 
cilitate operations of tins kind. 

Now let it be proposed to find what o'clock it is at 
Cayenne, when it is noon at London. The difference of 
longitude, or of ^ridians, between Loudon and Cayenne, 
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is 52* 10'; which converted into tia^e, giveft 8 bonrs 28 
minutes 40 secdnds; and as Cayenne lies to the west of 
London, if 3b 28in 40s be subtracted from 12 hours^ the 
remainder will be 8 hours 31 minutes 20 seconds : hence it 
appears that when it is noon at London, it is only 8h 31m 
20s in the morning at Cayenne ; consequently when it is 
noon at Cayenne, it is 3U 28m 40s in the afternoon at 
London. 

When it is noon at London, required the hour at 
Pekin ? The difference of meridia * between London and 
Pekin is 116^ 29', which is equd in time to 7 hours 45 
minutes 56 seconds. But as Pekin lies to the cast of^ 
London, these 7h 45itn 56s must be added to 12 hours 
and hence it is evident that when it is noon at London, 
it is.7h 45m 56> in the evening at Pekin. On the other 
hand, to find what o’clock it is at London when it is 
ttoon at Pekin, these 7h 45m 56s must be subtracted 
from 12 hours, and the result will be 4h 14m 4s in the 
morning. 

When the two given places are both to the west of 
London, to find theilf difference of meridians, the longi- 
tude of the one must be subtracted from that of the 
other. If Madrid and Mexico, for instance, be proposed ; 
as the l 9 ngitude of the first is 3° 21', and that of the 
second 100® 1', if the former be subtrjltted from fhe 
latter, the remainder 96® 40' will be their difference of 
longitude; which changed into time, gives 6 hours 26|; 
minutes 40 seconds. Hence, when it is noon at Madrid, 
it is 5h 33m 20s in the morning at Mexico. 

If one of the proposed places lies to the east and the 
other to the west of London, the longitude of the one 
must be added to that of the other, m order to have 
thei# difference of longitude ; and the sum must then 
be con veiled into time, and added or subtracted as 
before. * ' 
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-By wny of oxatnpli^ we shall take Constautiiiople and 
Meitico, tbp former of which lies to the east of London. 
The longitude of Constantinople is 28" 63', and that of 
Mexico 100'\ 1 , which added give for diffeicnce of longi- 
tude 158® 54' = in time to 8h 35ui 3G^. When it is noon 
therefore at Constantinople, it is only 3h 24in 24s in the 
morning at Mexico j and when it is noon at the latter, it 
IS 8h 35m 36s ui the evening at Constantinople, 
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n 

A table /or changing Aegreet and ^liAaies 

nutes, anS seconds^ or the conirary> ^ 
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Th theRlrlfllit Ui&Te!> the narrow colum i iv contai n degree’s or 
ianinut<^, b^oad ones hourb Snd tninntcs, oi minutes 

and 9econdc. Thus, if ^in the first narrow column repre- 
sent degrees^ the 16 opposite to it in ttie broad column 
will be minutes and if 4 represent minutes, the 16 wilHic 
seconj^s. If it be required to change 4^* into time , op- 
posite to 4 will be found 16) which ip this case is minutes, 
and opposite stands 1 minute 20 seconds, which 

added to 16 minutes, gives 17 minutes 20 s^^nds, the 
time answering to 4® So'. 


PROBLEM V. 


jyojy tiffo men may be born on the sa?)^e tRn/f die at the same 
m&menty and yet the one may hat^e Ivied a dajjy or even 
tn^ days more than the other. 

It IS well known to all navigatois, that il a sliip sails 
round the world, going from cast to west, those on board 
when the}^ return will cduiit a day less than the inhabitants 
of the country . The cause of this is, that the vc sscl, fol- 
low mg the com sc of the sun, has the days longer, alul in 
the wdiole number oi the days reckoned, during tip' voyage, 
there is necessarily one revolution ot the sun Ipss. 

On the other hand, if the ship pi oceeds round the \yorld 
from west to cast, as it goes to niei . the sun, tlie are 
shorter, and during the whole circumnavigation, the peo- 
ple ou board necessarily count oik* revolution ol the sun 



us now suppose tliat there are two twins, one of 
embarks on board a vessel which sails round the 


world from east to west, and that the other has leinaincd 


at heme. When the ship returns, the inhabitants will 
ri^kon Thursday, while those on board the \('ssel 
rikon only Wednesday ; and the twin who c mbaikcd^ill 
li^e a day les^ Consequently it thiy should 

aa the same dAj’JItie of them v ouW ftOttiii A JfVJ .o|<5ct 
than the other, though they were boj?© at the me hour. 


VOL. 111. 
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But tet us next suppose that, while the 
gates the globe from ^st to west, the otlioF tound 4 
' Ifcom west to east, and that oil same day they 
to port, where the inhabitants ^ckon Thursday for 
alfiple: in this case, the former will count Wedncjiday, 
and the latter Friday, so that there will be two days ddFer- 
ence in tlieir ages. ^ 

In fact, it is evident that the one is as Hd as the otlier ; 
the onlyi^fference is, that in the course of their voyage 
.the one has had the days longer . al^the other shorter. 

^ If the latter returned on a Wednesday and the former oo^ 
a Friday, the former would count the day of his arrival^ 
7'bursday : next day, would be Thursday to the inhabiti'^^i 
ants, and the day after woiild be a Tliursday to those who 
arrived in the second vessel; which, notwithstanding the 
popular proverb, would give three Thursdays in one 
week. 


PROBLEM VI. 

To find the length of the day in any proposed latitude^ when 
the SU 71 is in any given degree of the ecliptic. 

Let the circle abcx, pi. I fig. 3, represent a meridian, 
and ,Ac the horizon. Assume the arc ck, equal to the ele- 
vation of the pole of the proposed place, for example Lon*- 
don, which is 5r 31'; and having drawn de, draw .uf 
perpendicular to it, or make the arc af equal to the com- 
plement of CK, and draw fd: it is here evident tha^M 
will represent the circle of 6 hours, and df the 

After this is done, find by the Epheineris the sun^de* 
clination, when in the proposed degree of the ecliptic, or 
determine it by an operation which we shall show how to 
pi^form hereafter. We shall suppose that the declination is ' 
north: assume the arc fm, towards the arctic pole, equal 
to^the declination, and through the pfji^nt M draw mn pa^ 
rallel to fd, met ting the line de in o^ud the horisxm %c 
in N. Then from the point o, as <^ 9 entre^ with the radius 
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90 




oMT, arc of a circle mt, cottiprehended between 

the point ift and nt parallel to Ji^ving measured the 
hunjber of the degrees^mprehended iti this arc, whitdb 
may be easily done by means of a pi'otractor, and having 
changed them into time, at the rate ol 1 hour to 15 ife- 
grees, 8cc, the double of the result will be the length of 
the day. 

Thus, if the^ertgth of the day at London, at the time 
when the sun has attained to the greatest northdSkt declina* 
tion, be required ; as the greatest declination is 
^nake FB equal to 23° 28^, and the arc bi ivill be found lo^ 
be 124° 17', which corresponds to 8^ 17', and this doubled 
gives 16‘‘ 34', as the length of the day. 

If jou have no table of the suft^s declination for each 
degfVe of the ecliptic, this deficiency may be supphcil in 
the following manner. Find the number ot degices which 
the sun is distant from the nearest sulstiie, whethc i he has 
not yet reached it, or has passed it. We shall suppose 
that he is in the 23d degree of Tauris. The neaiest solstice 
15 that of Cancer, fioin which the sun, according to this 
supposition, IS distant 37°. Draw the line itn r^*picsenting 
a quarter of the ecliptic; and having assumed, fi cm the 
point B, the arcs bk and b^, ea* h cijiial to 37°, draw uk, 
intersecting BD^in l: if mn be then drawn through tfic 
point L, It will give the position of the parallel required. 

All these things may be found n uch moie coriectly by 
onometrical calculation; but on that head we must 
the reader to v orks on astrononiv 



PROBLEM VII, 

The hnigest Day in any Place being given^ to Jind the 
Latitude^ 

This problem is the converse of the preceding, and may 
be solved without much difficulty ; for the longest dav^iO 
all places of the Northern hemisphere, alwuv^ happens 
when the sun has |iii^ entered the sign Canci 1 et fu 
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^pl. 1 fig. 4) then represent the celestial equator, or rather 
its diameter, and bl that of the tropic of Cancer. On 
tlie latter describe a circle bkl; j||d having assumed the 
arc BK equal to the number of degrees corresponding to 
half the length of the given day at the rate of 15” for one 
hour, draw km perpendicular to bl ; if the diameter is mo 
be then drawn through the point m, the angle pco will be 
the elevation of the pole or latitude of the |)lace. 

It woulij|thcncc be easy to deduce a trigonometrical so- 
luti(3ln, and to determine; the latitL e by calculation ; but, 
'^ionsistent with our plan, wc muM here confine ourselves^ 
to this graphic construction. 

problem yiiu 

The latUiide of a flace being given y to find the climate in 
which it is situated. 

In astronomy, the name climate is given to an interval, 
on the surface of the earth, comprehended between two 
parallels under which tlie difference of the longest days is 
half an hour : thus the days in summer, undei the pauillel, 
whether north or south, distant from the equator 8° 25', 
being 12h interval, x)r the zone comprehended 

between the equatoi and that parallel, is called the first 
climate. 

The limits of tlie different climates may therefore be 
easily determined, by finding in what latitudes the days 
are 12^ hours, 13, 14, 8cc. The following is a tal 

ot all these climates. 


CiimaUii. 

I 

II 

III 

IV 

V 

\ I 


Alofet soulheru 
pal's!, ut lat. 

0 ” 0 ' 

8 25 

16 25 

23 50 

30 20 
3G 28 


Most ju>rthrrn 
paral. of l.it. 

8^ 25' 
16 25 
23 50 

30 20 
36 28 
41 22 
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Climates. 


Most totilhcrn 
paral. of lat. 


Most northep 
paial. of lat. 

vn 


41 



45 

29 

vni 


ms 

29 


49 

21 

IX 


49 

21 


51 

28 

X 


51 

28 


54 

27 

XI 


54 

21 


56 

37 

XII 


56 

37 


58 

29 

XIII 


5S 

29 


59 

58 

XIV 


59 

58 


61 

k 

x\ 


61 

18 


62 

25 

X\ I 


62 

25 


63 

22 

X\ II 


63 

22 


64 

6 

xvin 


64 

6 


64 

49 

XIX 


G4 

49 


65 

21 

XX 


65 

21 


65 

47 

XXI 


65 

47 


66 

6 

XXII 


()G 

6 


66 

20 

XXIII 


66 

20 


66 

28 

X\1V 


6t> 

28 


66 

31 

As the lonijest day at the 

polar circle i.s 24 liour.s, and 

at tlie pole 6 months, there arc sup| 

)Osed to be SIX climates 

between that circle and the pole. 




Climates. 


Mo'^t souiti< Hi 
paral. of lat. 


Most noilhern 
paral of lat. 

XXV 

. 

66" 

31' 


67^ 

iO' 

XXVI 

• 

67 

30 

. 

69 

30 

XXVII 

, 

69 

30 

. 

73 

20 

XXVIII 

* 

73 

20 

. 

78 

20 

XXIX 

. 

78 

20 

• 

84 

00 

XXX 

, 

84 

00 


90 

00 


Now if it be asked in what climate London i:., it may be 
easily replied that it is. in the tenth ; its latitude being 51° 
31', and its longest day 16** 34™. 

BeMARK.—Tbc! idea of climates belongs to the ancient 
astronomy; but th^podern pays no attention to this di> 
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vision, li^hich in a gVcat measure wdestitttt^^dfcorrcbtartss, 
in consequence of the refraction; for if the refraction be 
taken into account, as it ought wliatever Oaanaoi 
may say, it will be found that, mRer the polar circle the 
longest day, instead of 24, will be several times 24 hours; 
for as the horizontal refraction elevates t])e centre of the 
sun 32 ' at least, the centre of that luminary ought conse- 
quently never to set between the 9th of#une and the 3d 
or 4th ot^uly ; and the upper limb from tlie 6th of June 
to#ie 6th of July ; this makes a ’Omplctc month, dunng 
'^''which the sun would never be ojt of sight. ^ 

PROBLEM IX. 

To measure a degree of a great circle of the earthy and even 
the earth itself 

The rotundity of the earth, that is to say its being a 
globe, or of a form approaching very near to one, is 
proved by a number of astronomical phenomena we 
think it needless to enumerate tliesc proofs, which roust be 
known by those who are in the least acquainted with the 
principles of philosophy and the mathematics. 

We shall here then suppose that the earth is perfectly 
spherical, as it apparently is ; and shall begin our reason^ 
ing on that hypothesis. 

What is dialled a degree of the meridian on the earth, is 
nothing else than the distance between two observers,' the 
distance between whose zeniths is equal to a degree, of th^ 
geometrical distance between tw6 places lying under 
same meridian, the latitudes of wljicb, or their elevatio# of 
the pole, differ a degree. Hence, if a person proceeds 
along a meridian of the earth, measuring the way hp 
travels, he will have passed over a degree when he flod^ a 
degree of difference between the latitude of tlie plape 
wdiich he left, and that at which he has arrived ;; or whei^ 
any star near the zenith of his first statusm lias 
or receded a degree. 
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Nothing thon is necessary but to make choice of two 
places 5 situated under the same meridian, the distance and 
latitodtis of which are^mctly known ; for if the less lati- 
tude be taken from tliS^cater, the remainder will be tlie 
arc of the meridian comprehended between the two places ; 
and thus it will be known that a certain number of degrees 
and minutes correspond to a certain number of toises^ or 
yards or feet, 8tc ; all then that remains to be done, is to 
make use of the following proportion : as the fiuven num- 
ber of degrees and minutes, is to the givcn^umbjf^ of 
^toiscs, 3 ^ards or feet, so is one degree to a fourth term^ 
which will be the toises, yards or feet corresponding to a 
degree. 

But as the stations cliosen may pot lie exactly under the 
same meridian, but nearly so, as Paris and Amiens, the 
meridional distance between their two parallels must bo 
measured geometrically ; and when tliis distance, as well 
as the^ifFerencc of latitude of the two places is known, 
the number of toises, j^ards <ir feet correspond’r g to a de- 
gree, may be found by a proportion siruilar to the pre- 
ceding. 

This was the method employed by Picard, lo determine 
the length of a terrestrial degree of the meridian in the 
neighbourhood of Paris. By a series of trigonometrical 
operations, be measured the distance between the pavilion 
of Malvoisinc, to the south of Paris, as far as the steeple 
4 pf Amiens, reducing it to the meridian,j|ind found it to be 
"lifeoT toises. He found also by astronomical observa- 
tiOTs, that the cathedral of Amiens was 1® 22' 58" farther 
north than the pavilion of Malvoisinc. By making this 
proportion then : as 22^ 58" are to one degree, so are 
18&07 toises to 67057, he concluded that a degree was 
equal to 57057 toises 

^ Picard’s measurement having been since rectified, in 
Mme |K»nt8^it haa been found that this degree js equal to 
51070 toises. 
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i COROLLAHIES. 

I. Thus, if we suppose the < spherical, its circum- 
ference will be 20546200 Freiicl cs = 24881*8 English 

miles. 

II. Its diameter will easily be found by making use of 
the following proportion : as the circumference of the 
circle is to its diameter, or as 314159 is 4o 100000, so is 
the above number to a fourth term, w hieh is 6530196 toises 
= diameter of the earth = 7<^20*12 English miles. 

III. If we suppose its surface l .» be as smooth as that of 
the sea during a calm, its superficial content will be found 
to be 134164182859200 square toises = 197063856 En- 
glish square miles. The rule for ( blaming this result is : 
Multiply half the circumference by half the diameter, and 
then quadruple the product ; or still shorter, multiply the 
circumference by the diameter. 

IV. To find the solidity : ^multiply the superficial con* 
tent, above found, by a thii^ ol the radius, which w^lll give 
146019735041730067200 cubic toises = 260124289920 
English cubic miles. 

Remark. — The operation performed by Picard be- 
tw'ecii Pans and Amiens, wus afterwards continued 
throughout the wdiole extent of the kingdom, both north 
and south ; that is to say, from Dunkirk, where the eleva- 
tion of the pole is 51'’ 2' 27"', to Collioure, the latitude of 
wdnch IS 42“ 3l' 16"'; the distance therefore between the 
parallels of these two places is S' 31' ll". But it 
found at the same time by measurement, that the distance 
between these parallels was 48605 S toises, which gives for 
a mean degree in the w hole extent of France 5705 1 toises; 
and by corrections made afterwards, this number was re* 
duced to 57038. 

During this operation care was taken to determine the 
distance of the first meridian, w hich la France is that of the 
observatory of Paris, from the prii^ijgai places betwcon 
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which it passes. As it may perhaps afford gratification to 
some of our readers, we shall here picsent then? with a 
table, the first which contains liie names of 

these places, and the ^Hfhd the number of toises they ar« 
distant from the meridian, whether to tlic cast or west of 
it. Tlie place where the meridian was met by a perpen^ 
dicular drawn to it, from the steeple of the cathedral of 
Bourges, was marked by a pillar. 


Table of the places in France nearest to the merMian of the 
ob SCI vj tot j/ of Pa vis, 


Nar s of the Place*' . 

Toisrs* 

Fort de Revers 

1^06 L. 

Dunkirk 

U14 E. 

Saint Oiner 

3011 E. 

Dourlens 

. w 

Villers Boccage . . 

580 w. 

Amiens 

VZoZ w . 

Sobrdon . . , . 

2341 E. 

Sdinl Denus 

• 

Montmartre 

. 0 

Paris 

0 

Lay ... 

. 0 

Juvisy 

1350 E. 

Orleans 

ibm v,\ 

Bourges 

2r>58 E. 

Saint Sauvier 

rn5 w. 

Mauriac 

882 w. 

Rhodez 

9528 E. 

Alby 

8316 w. 

Castres 

3911 w. 

Carcassoiie . 

246 E, 

Perpignan . . , . 

23461 £. 

The summit of the Canigou 

4664 E. 


^ > The meridian of France continued, then enters Spsiin, 
leaving Gtronne east, at the distance of about \ of 
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a degi^e ; passes two or three thousand toises to the eak 
of Barofelona^ traverses vc^y nearly the island of Majorca^ 
to the east m that city, and tli^enters Africa, about 7 
^ minutes of a degree west of Jf^fpsrs, But we shall not 
follow Its course farther through ui^nowri nations and 
countries ; we shall only observe that it issues from Africa 
in the kingdom of Ardra. The astronomers of France 
have, since the above, repeated the measurement of the 
said arc ^rough the country, with no great difference; 
frq^ whi^ they have deduced t' e length of the meridional 
quadrant, which has been assumed as the standard of the 
new universal measures. Also several degrees of the 
meridian through England are now measuring by Lt. Col. 
Mudge, of the Royal Artillery, under the auspices of the 
Master General and Board of Ordnance. 

PROBLEM X. 

0/ the real figure of the earth. 

We have already said thWthe rotundity of the earth is 
proved by various astronomical and physical phenomena ; 
but these phenomena do not prove that it is a perfect 
sphere. Accurate methods for measuring it were no sooner 
employed, than doubts began to be entertained respecting 
its perfect sphericity. In fact, it is now demonstrated 
that our habitation is flattened or depressed towards the 
poles, and elevated about the equator ; that is to say, the 
section of it through its axis, instead of being a circle, is ^ 
figure approaching very near to an ellipse, the less axis 6f 
which is the axis of the earth, or the distance from the 
one pole to the other, and the greater the diameter of the 
equator. Newton and Huygens first established this truth, 
on physical reasoning deduced from the centrifugal force 
duceu ^Nfg^tion of the earth; and it has since been confirmed 
Dunngt,....„^,obser7ations. - 

distance of the first i.. mdi. Newton and Huygens reasoned!' 
observatory of Paris, from • . the earJIyiriginally spheridrf - 
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motionloss^ it would be a globe, the greater part of 
tbe.a^rface of which would be covered with But 

ijt isi at present deinon^j^ted, that the cart|^has a rotary 
lUotion around its axis, every one knows that the eflFect ' 
of circtilar motion to make the revolving bodies recede 
i;rom the centre of motion: thus the waters under the 
equator will lose a part of their gravity, and tlierefore they 
^ust rise to a greater height, to regain by that elevation 
the force necessary to counterbalance tlie lateral columns, 
extended to other points of the earth, where tfic c^ri* 
fugal force, which counterbalances their gravity, h less, 
and acts in a less direct manner. The waters of the ocean 
then must rise under the equator as soon as the earth, 
supposed to be at first motionless, assumes a rotary motion 
round its axis : the parts near the equator will nsf a little 
less, and those in the neighbourhood of the poles will sink 
down ; for the polar column, as it experiences no centri- 
fugal force, will be the hea^^est of all. This reasoning 
cannot oe weakened, but by w^posiug that the nucleus of 
the earth is of an elongated form ; or by supposing a 
singular contexture in its interior parts, expressly adapted 
for producing that cfi'ect; but this is altogether im- 
probable. 

The philosophers however on the continent persisted a 
long time in refusing to admit this truth. Their principal 
arguments against it were founded on the aveasuremeot of 
^he degrees jaf the meridian mPAic in Fr|ince; by wliich it 
Appeared that a degree was less in the northern part of 
the kingdom than in the southern, and hence they coxh 
olpded tluit the figure of the earth w as a spheroid elongated 

the poles. U the earth, said they, were perfectly sph^r 
rical) by advancing uniformly under the same meridian, 

elevation of the pole would be urnformly changed. 
Thus, in advancing from Pans, for example, towards^ the 
imr,th^7p7p toi^es, the elcvauoii of the pole would vary a 
^^|rree ; and to ma^ the elevation of pole increase 
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. * . 

another degree, it would be necessary to advance towards 
the nbllli 57070 toises more ; and so on throughout the 
, ^IjoIc circudifercnce of a mcridi^. ^ 

If, iu proportion as we proceOT northw ards, it is found 
necessary to travel farther than the abjpve number of toises 
before the latitude is changed one degree, there i$ rqason 
to conclude that the earth is not sphj^ical, but that it is 
less curved or more flattened towards the north, and that 
the curv^iire decreases the nearer we approach the pole, ^ 
wl^(;h is uie property of an cllt sis having its poles at the 
extremities of its less axis. In aie contrary case, it would 
be a proof that the curvature of the earth decreased to- 
wards the equator; which is the property of a bo<ly 
formed by the revolution of an ellipsis around its greater 
axis. 

But it was believed in France at first, that the degrees 
of the meridian were found to increase the more they 
approached the south, degree measured^in the 

neighbourhood of CollioiS^\he austral boundary of the 
meridian, appeared to be equal to 57192 toises, while that 
in the neighbourhood of Dunkirk, which was the most 
northern, seemed to be only 56954<. There was reason 
therefore to conclude that the caith was an elongated 
spheroid, or formed by the revolution of an ellipsis around 
its greater axis. 

The partisans of the Newtonian philosophy, at that time 
too little known in France, replied, that thesefobservatioi^ 
proved nothing, because the above difference, being so 
inconsiderable, could be ascribed only to the errors un- 
avoidable in such operations. As 19 toicses correspond to 
about a second, the 2.58 toises of difference would amount 
only to about 12 seconds; an error which might hayo 
arisen from various causes ; they even asserted that this 
difference might be on the opposite side. % ^ 

To decide the contest,>,it was then proposed to measui^ 
two degrees as far distant from each as possible, one 
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ulider the equator, and the other as near the pok the 
cold of the polar regions would^dmit. For ^is ^rpose, 
Maupertuis, Camus, ancj^lairaut, were dispjrohed by 
king in the year 1735, t<^casure a degree of the meridian * 
at the bottom of thi^ Gulph of Bothnia, under the arctic 
polar circle; and Bouguer, Godin, and Condamine, were 
sent to the neighbiSftrhood of the equator, where they 
measured, not only a degree of the meridian, but almost 
three* It resulted from these operations, perfor^j^ed with 
the utmost care and attention, that a degree near the polar 
circle was equal to 51422 toises, and that a degree neaf the 
equator contained 56750, which gives a difference of 612 
toises, and therefore too considerable to be ascribed to the 
errors unavoidable in the necessary observations. Since 
that time it has never been contested that the earth is 
flattened towards the poles, as Newton and Huygens 
asserted. We shall here add that the measurements 
formerly made in France bocn repeated, it was 

found that the degree goes bl^lncreasing from douth to 
north as ought to be the case, if the earth be an oblate 
spheroid. 

This truth has been since confirmed by other measure- 
ments of the meridian, made in different parts of the earth* 
The Abbe de la Caille having niea^Tired a degree at the 
Cape of Good Hope, that is under the latitude of about 33* 
south, found it to be 57031 loises; and in 1755, Fathers 
M^rr^ and Boscovicb, two Jesuits, having measured a 
degree in Italy, in latitude 43®, found it to be 56919 : it 
is therefore certain that the degrees of the terrestrial 
meridian go on increasing from the equator towards the 
poles, and that the earth has tlie form of an oblate 
spheroid. 

Other operations of the same kind for measuring a de* 
gree of the terrestrial meridian have been since nnuertaken 
at'dtHereat times, as by the Abb^* Liesganig in Germany, 
near Vienna; bj Fj^ther Beccaria in Lombard v; and by 
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McssriyMason and Dixon, members of the Royal Society 
Of LorMb, in North Amtgica ; and again mote lately' by 
llechaiii and^De Lambre in Franiy^* They all confirm tVO 
Srrainution of the terrestrial degrees as they approach the 
equator, though with inequalities difB<?ult to be reconciled 
with a regular figure. But it may here be asked, why 
should the earth have a figure perfecl^ regular ? 

It is, indeed, impossible to determine with accuracy the 
proportion between the axis of the earth and its diameter 
at the equator: it has been ’ ovfed that the former is 
shorterf but to find their exact latio would require obser- 
vations wliich can be made onl}- at the pole. IIoTvevcr the 
most probable ratio is that of 117 to 178, 

Consequently, if this* ratio be admitted, the axis of the 
earth frtm the one pole to the other, will be 6525376 toiscs, 
and the rnameter of the equator 6562242. 

In the last place, the difference between the distance of 
any point of the equator , to a level with the sea, to the 
centre of the earth, and tfi^Qistance of the pole from tlic 
same centre, will be 18433 toiscs, or about 22 flnglish 
miles. 

Since Montuela wrote the above, however, the French 
astronomers Mechain and De Lambre, in 1799, completed 
their measurement of the meridian, from Dunkirk in 
France, to near Barcelona in Spain, an extent of almost 
10 degrees; from which it has been more accurately de- 
duced, that the flattening of the earth at the poles is only 
the 334th part, the ratio of the axes being that of 834 to 
333 ; that the polar axis is 7899f English miles, the equa- 
torial diameter 7923^ miles, their half difference only 11^ 
miles, which is |he height of the equator more than that 
at the pole, from the centre; the mean diameter 7!9n|. 
miles, the mean circumference 24873|^ miles, the greatest 
or equatorial circumference 24892^ miles, the least or 
meridional circle 24855» miles, and the difference 6f ihb 
two 37| miles^ ' 
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COROtLARIES. 

L From what has been saidj^veral curious iMfibs may 
be deduced* The first is^ that all bodies, 'except thof^ 
placed under the cqua^r and the poles, do not tend 
the centre of the e^th ; for a circle is the only figure iii 
*^which alt tlie lines perpendicular to its circumference tend 
to the same point. t>^n other figures, the curves of which 
are continually varyingy as is tlie case with the meridians 
of the earth, the lines perpendicular to the clrc^mfercnce 
all pass tlirougb different points of the axis. 

II. The elevation of the waters under the equator, and 
their depression under tlic pole!», being the elfect of the 
earth's rotation round its axis, it may be Readily conceived 
that if this rotary motion should be accelerated, the eJe« 
vatioii of the waters under the equator would ^l^pcrease; 
and as the solid part of the earth has assumed^ since its 
creation, a consistence which will nor suffer it to give way 
to such an elevation, the risu^ ol the waters might be^ 
come so great, that all thi^ountries lying ruder the 
equator would be inundated; and in that case the polar 
seas, if not very deep, would be converted into dry land. 

On the other hand, if the diurnal motion of the earth 
should be annihilated, or become slower, the waters ac* 
cumulated, and now sustained under the equator, by the 
centrifugal force, w^ould fall back towards the poles, and 
overwhelm all the northern parts of the earth : new islands 
j^ndnew continents would be formed in the toind zone by 
the sinking down of the waters, which would leave new 
tracts of land uncovered. 

Remark. — We cannot help here remarking one ad- 
vantage which France, and all countries^ near the mean 
latitude of about 45 degrees, would in this case enjoy. If 
such a catastrophe should take place, these countries would 
be sheltered from the inundation, because the spheroid, 
.which IS the real figure of the earth at present, and the 
globe or less oblate spheroid into which it would be 
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changed, would have their Intersection about the 4SW 

Consequently the Aca would not be altered in that 

latitude. ^ 

PROBLEM XI, 

To determine the length of a degree on ant/ given parallel (f 
latitude. 5 

As the difFerj?nce lietween the greater and less diameter 
of the earth does not amount to ^he 300th part, in this and 
the following problems wc sha^' consider it as absolutely 
sphcricll ; especially as the solution of these problems, if 
wc supposid thjjicarth to be a sjiheroid, would be attended 
with diflScuIties inconsistent with the plan of this work. 

Let It be proposed then to determine how many miles 
or yardii^re equal to a degree on the parallel passing 
through London ; that is to say under the latitude of 51 
degrees 31 minutes. This problem may be solved either 
geometrically or by calculaf^n, according to the following 
methods 

1st. Draw any straight line ab, pi. 1 fig. 5, and divide it 
into 23 equal parts, because a degree of the equator con- 
tains 69' 14 miles or about 23 leagues. Then from the 
point A as a centre, with the distance ab, describe the arc 
BC, equal to 51^ sT ; and from the point c draw cd per- 
pendicular to AB : tlie part ad \u 1I indicate the number of 
leagues contained in a degiee on the parallel of 51* Si', 

2d. This however may be found much more correctly 
by trigonometrical calculation ; for which puy)ose nothing 
is necessary but to make use of the following proportion: 

As Radius 1000000 

is to the co^ne oflat, 51® ST . . 622287 

So are the viilts in a degree of the equator 69y 
to a fourth tetm whuh will be . 43*0267 

This last term 43*0267, or 43 nearly, is the number of 
miles contained in a degree on the parallel of 51° 31'. 
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mho above example is wUlvccI by means of the natural 
sines and the common lule ot three, but the safilfe thin^^ 
may be done by log«u*ithmt» in the loliowing maimer: 

As JRadius . , . . * 10 0( ooooo 

ts to the coitne nj the latitude ^ 1* 3 l' . J0907 

So are ihe in a degi^e viz . 69 1 !• l*83‘n'20 1 

to a fourth term . . . . l*0a 57*201 

which m the table of lo«antlmib will be found ansN\<.nh‘j: 
to 43 02j nines, as betoic ncaih . A dei^rce therclon* on 
the jiaiallel ol London contains neail^ 41 miles, oi aLoat 
15643 yard*.. ^ 

The demonstration of this rule is easy, be Ifecollected 
that the circumferences of two ciicles, or uegrccs ot these 
circles, are to each othci in the ratio ot their radii. But 
the radius of the pai illel ot London is t^ic cosij^i^of the 
latitude ; whereas the ladius of the t ai tli, or of thc^i']uatoi, 
IS the real radius or sine of 90®, and hence the above rule, 
3d It the circumfeience ofe^the cirtli at the given 
parallel be required, nothing Wnecissarv but lo multiply 
the degree found as above by JbO tlms as a degree on the 
parallel of London is uju.il to 43 miles, if this .luinlier ho 
multiplied b\ 300, we shall have 154i)0 units, tot the whole 
ciicumterence ot the circle ol that parallel. 

The following table, which shows I lie nuinbcr ot miles 
contained in a degiec on eiciy parallel, from the equator 
to the pole, is computed on the supposition that iht length 
of the degiees ot the e juator aie equal to those of tlie 
meridian, at the medium Jatnude ot 4a , winch length is 
noail> 69 Ehglisli miles. 
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Dej?. 

of 

Ut 

rnjriish 

iQilei. 

i 

Lat. 

English 

miles. 

fKF 

of 

Lat. 

English 

miles. 

Deg. 

of 

Lat 

Engli^b 

milea. 

0 

69 07 

23 

6S-51 

46 

47-93 

69 

24-73 

1 

69’06 

24 

63-03 

47 

47*06 

70 

^3-80 

2 

69-03 

25 

62-53 

48 

46‘16 

71 

22-47 

3 

68-97 

26 

62-02 

49 

45*26 

72 

21-32 

4 

68-90 

27 

61-48 

50 

4'4-3.'5 

73 

20-17 

n 

68-81 

28 

60-93 

51 

43-42 

74 

19-02 

G 

68-62 

29 

60'35 

52 

42*48 

75 

17-S6 

7 

68-48 

30 

59-75 

'»3 

41-53 

76 

16-70 


68-3 r ' 

31 

59- J 3 

54 

40-56 

77 

15-52 

9 

< 48-15 i 

32 

58 51 

55 

39 58 

78 

14-35 

10 

^-95 i 

33 

57-87 

56 

38-58 

79 

13*17 

11 

67-78 1 

34 

57-20 

57 

37-58 

80 

i 11*98 

12 

67-48 

35 

56-51 

58 

S6-57 

81 

; 10-79 


167-21 

36 

55-81 

59 

35-54 

82 

9-59 

uJ 

|66-95 

37 

55-10 

60 

34-50 

83 

8-41 

15 

66 65 

38 

54*37 

61 

33-45 

84 

7-21 

16 

66-81 

39 

53*62 

62 

32-40 

85 

6*00 

17 

65-98 

40 

52^95 

63 

31-33 

86 

4*81 

18 

6S-62 

41 

52^01 

64 

30 24 

87 

3*61 

19 

65 24 

42 

51-27 

65 

29-15 

88 

2*41 

20 

64-84 

43 

50 46 

66 

28-06 

89 

1-21 

21 

61-4-2 

44 

49-63 

67 

26-96 

' 90 

0-00 

22 

63-97 

^5 

4S-78 

68 

25 85 




PROBLEM XII. 

Given the latitude and longitude of any two places on the 
earthy to find the duiance between them. 

We must here observe, that the distance of any two 
places on the surface of the earth, ought 18 be the arc of 
the great circle intercepted between them. The distance 
therefore of any two places, lying under the same parallel^ 
IS not the arc of that parallel intercepted between them, 
but an arc of a great circle having the same extremitieaas 
that arc ; for on the surface of a sphere, it is the shortest 
miiK^y 1^0 another, as a straight line is upon a 

surfacfe. 
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Thi« beitig premised, iTiiiay be readily seen Jthat this 
problem is susceptible of several cases ; for the two places 
proposed may he under the same meridian, that is to 
have the same longitude, but dilferent latitudes or they" 
may hiVc the same latitude, that is lie under the equator 
or under the same parallel ; or in the last place tlicir Jodgi- 
tudes and latitudes may be both ddVerent: there is also a 
subnii vision into two cases, viz. one where the two places 
are in the same hemisphere, and another where one is in 
the northern and the other in the southern hemisphere, 
feut we shall confine ourselves to the solution of Aie only 
case which is attended with any difficult;j|l ^ 

For it is evident that if the two places are under the same 
meridian, the arc which measures their distance is their 
difference of latitude, provided they are in samfe 
liemispliere, or the sum of these latitudes if tnw are in 
different hemispheres. Notlnng then is necessary but to 
reduce this arc into l(*agues, unties or yards, and the result 
will be the distance of the two places in similar parts. 

If the places lie under the efjuator, tlie amplitude of the 
arc which separates tliein may be detcrmuicil w iih (*qiial 
case; and can then be reduced into leagues, miles, Ulc* 
Let us suppose then, which is the only case attended 
with diflSculty, that the places dille' .botli in longitude and 
latitude, as London and Consttinrinople, the iofmer of 
which is 28° 53' farther west than the latter, and lO'* 3 1' 
farther north. If we conceive a great circle passing 
through these two cities, the arc comprehended between 
them will be^oiind by the following construction. 

From A as a centre (pK 1 fig- 6 n'' 0> with any opening 
of the compasses taken at pleasure, describe the semicircle 
lETCOE, representing tlie .meridian of London. Take the 
/^irc hv equal to 51° ST, which is the latitude of London, 
itt'order to find its place in f, and draw the radius af. 

. In the same seun-cnxic, if the arcs bc and ed be taken 
each equal to 41®, the latitude of CoiistanimopJe, the line 



32 AND moaKA 

CD will be the" parallel of C!o?mUntinople, the pla^^'^ 
which must be found in the followinj^ manner. 

I On CD as a diameter, describe the semi-circle coD ; Attd 
in the circumference of it take the arc cO equal to the 
difference of longitude between Lai^don and CJ^fhstaiiti- 
noplc, that is 28° then from the point otf, 

perpendicular to cd, to have in h the projection of the 
place of Constantinople; and from the point n draw hi, 
perpendicular to af and terminated at i by the aic JicDE: 
if the arc fi be measured, it will give «e distance required 
in degrees and minutes. In this case rt is about 22 
degrees^. 

If one of the places be on the other side of the equator, 
as tlie city of Fernambouc in Brasil is in regard to London, 
being 30' of south latitude, the arc bc mu«it be assumed 
on the other side of the diameter be (fig. fi n° 2), equal 
to the latitude of the second place given, which is here 
7° 30' ; and as the difference of longitude between London 
and Fernambouc is 35^ 5', it will be necessary to make 
the arc cg = 3^* 5'. B\ these means the arc fi will be 
found to be equal to about 66°t, wliicli reduced into miles 
of 69*07 to a degree, gives 4-558 miles, for the distance 
between London and the above city of Brasil. 

Remark. — When the d'*.tancc between the two places rs 
not v^y considerable, as is the case with Lyons and 
Geneva, the latter being only 36' farther north than the 
former, and more to the east by 6 minutes of time, which 
h equal to 1* 30' under the equator, the calculation may 
be greatly shortened. 

For this purpose, take the mean latitude of the two 
places, which in this instance is 46“ 4', and find by the 
preceding problem the extent of a degree on the parallel 
passing through that latitude, which will be = 47^922 

• Calculation by spherical tngonometrv jfives 22® 23^ 
f Trigonometrical calculation gives 66® 13^ 
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^Thc difference of Tonjjjitiide between these places 
is 1* so', which on that parallel, allowing 4'7'922 miles to 
a^degree, gives 7P88 miles, and the miles coiTesporuiing^ 
to the difference of latitude arc 41*4?4, ,4^ 

If \# therefore si^posc a right angled triangV, onq of 
the sides of which adjacent to the right angle is 4 1 *44 mjle8» 
and the (j^ther 71 88, by squaring these two numbers, add* 
ing them together, and extracting the sijuare root of the 
sum, we shall have the hypothenuse equal to 82*97 miles; 
which will be the distance, m a straight line, between 
Lyons and Geneva, 

As this IS the proper place for making known the mea- 
sures emploved by different nations, in measuring itinerary 
distances, it will doubtless be gratitying to our readers ^to 
find here a table ol ihem, espcctaliv as it is clij[|icult to 
collect them : lor the same reason we have added some of 
the Itinerary ineasurcs of tlie ancients., tlie whole expressed 
in English feet, 

TABLE OF ITINERARY MEASURES, 

Anticnt and Modern, 


ANCIKNT GREECE. 


The Olympic stadium . 

ftet. 
. 604- 

A smaller stadium 

482 

The least stadium 

. 322 

EGYJ'T. 

The schaDnus . . , • 

, 19421 

PERSIA. 

^he parasang or farsang 

a 14499 

ROMAN EXIl'lRL. 

The mile {tnilliare) 

4S33 

JUDEA. 

The rast or stadium. 

486 

The berath or mile . . 

. 3640 
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ANCIT.NT GAUL. 

Tli^'lcaguc (leug) 


GER\r4NY. 

. ^14498 

The rjist or league . . . 

Tbti mile \2\ to a degree . ^ . 

28994 

The same 13 to a degree 

. 24292 

ARA »1A. 

The mile .... 

6929 

TRANCE. 

The mile of 1000 French toiscs 

6392 

The small league ot 30 to a degree 

12159 

The mean league of 23 to a degree 

14594 

The or marine league of 20 to a degree 

18238 

SWEDEN. 

The mile 

35050 

DENMARK. 

The mile 

25I2S 

ENGLAND. 

The mile 

5280 

SCOTLAND. 

The mile 

7332 

IRELAND. 

The mile 

6724 

STAIN. 

The league [legale of 3000 vures) 

13724 

The common league 17^ to a degree , 

20846 

ITALY. 

v- 

The Roman mile 

4909 

The Lombard mile 

5425 

The Venetian mile 

6341 



TJbe league . 

OR 

. POLAND* 

• « 

• 

s$ 

Foot 

1^3 

The a^ent werst 

RUSSIA. 

' • 

- 

4193 

The modern werst 

% * • 

• 

3497 

% 

The agash 

TURKEY. 


1C211 

The little coss 

INDIA. 

• ♦ • 


8579 

The great coss 

• 09 

• 

9857 

The gau of the Malabar coast 

. 

S8356 

The nan or iiali of tlie same . 

• 

5753 

The present li . 

CHINA. 


188.5 

The pu, equal to 10 Jis 


18857 


These evaluations are extracted from a woiic by Dan- 
ville, cutitlcJ Traitc des Mcsures itintraira^ anciaines et 
moderneSj Pans, 1768, 8\o, in which this sub|cct is treated 
Avith great erucliiion and sagacity ; so that, anlld^t the un- 
certainty winch prevails in regard to the precise relation 
between these measures and ours, the evaluations given by 
Danville mav be considered as the most probable, and the 
best founded. Wc liave deviated therefore in many points 
from those given by Chnsiiani, ni Ins book Ddlt Misure 
d'ogni genti re untiche i modrrne. Tins work valuable in 
some respects ; but tlie subject is far from being examined 
jthere in so profound a nianner as it has been by Danville. 

PROBLEM XIII. 

^ To represent the ttrrestrud globe in pl^no, 

A maj), which repre-v^ats the whole sujieificies of the 
terrestrial globe on a flat surface, is caiiea a planisphere^ 
or general map of the woiid. 
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A maf) of this kind is generally represented in tw« 
beijjKsphercs ; ))ocaii<ie the artificial globe, which represents 
tnl?l^iobe of the earth, cannot be all seen at one vie^tf I 
henc^,^l|^en delineated in plane, it is necessary to divide 
It into two halves, each of which ij9^|Hed a heilP|>berejp 
It may be thus represented in thro(||^ys. 

The first is to represent it as divided by the^^anc of 
the meridian into two hemispheres, one eastern’me other 
western. This method is that generally used for a map of 
the world, beeanse it exhibiN the oUl continent in the one 
hemisphere, and the whole of the / w in the other. 

Tlie second is to represent it as divided by the equator 
Into two hemispheres, the one not them and the other 
southern. I’his representation is in some cases attended 
w’lth advantage, because the disposition of the most 
northern and most south'ern countries are better seen. 
Some maps of tliis kind have been published, in which the 
tiaeks pursued by our modern navigators, and all the dis- 
coveries made by them iii the South Seas, arc accurately 
delineated. 

The third method is to exhibit the globe of the earth as 
divided by tlie horizon into two hemispheres; the upper 
and lower, flit:cordn«g to the position of each. 

Under certain circumstances this form has its advantages 
also. The d.sposirion oi the different parts of the earth, 
in regard to tlie pio|>osed place, arc better scon, and a 
great geographical problems can be solved by it 

With muchi^igreuter fucilitv. 

Father Chrv^ologue of Gv, in Franche-Comte, published 
?ome years ago tv\ o hemispheres of tins kind^the centre of 
one of whuli was occupied by Pans; and he added an 
explanation of the dilfeient uses to which they might 
applied. j 

' Two methods may be employ’dl in these representations^ 
According to one of them, the globe is supposed to fete 
by the eVe placed without it ; and such as It w^uld 
appear at an infinite distance. 
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According to the other, each bemispherc is supposed to 
be viewed on the concave side ; as if the ej^e were |d^ed 
Ht the end of the centra) diameter, or at the pole 
opposite hemisplierc^ and it is conceived to be|||ojected 
on tbdl^ane ol its lleiKe arise the different pi oper^ 

ties of those repiesi^tions, which we sijdll here describe* 

I. ^V^n the globe is represented as seen on the conveK 
side, anSFdividtd into two hemispheres by the plane of the 
first meridian, the eye is supposed to be at an infinite 
i^istance, opposite* to the point w lu le the equdtor is inter- 
sected bv the doth men ban. Ail the meridians aic then 
represented by ellipses, the first excepted, which is repie- 
sented by a circle, and tlic 90tli which becomes a straight 
line; the parallels of latitude also aie represented by 
«traighr lines. This rcpiesenlation is attended with one 
great fault, vu, that the paits tuai the fust me ndian are 
very much contracted, on at count of tlu*. obl.qmty under 
nhich they present themselves. 

When the hemispheres are lepicsented bv ‘he second 
method, that is, as seen on the concave sk1i‘, and projc'cled 
on the plane of the meridian, the contiary is the case. It 
IS supposed, in icgard to the eastiin hcinisf>iiere, that the 
eye is placed at the cxtremit> of the diamett Inch passes 
through the place v\ licie the equator and the 90tli menJu n 
intersect each other. In this case theic is more equality 
between the distaiues of tlic ineiidians; and ev^n the 
parts of the earth refitesenled in lIjl middle of the »na;) he 
somewhat closer than tiiose touaids Jie edg^. licsidcs, 
all the meridians and pirallcls arc repiesentcd bv^ arcs of 
a circle, which is verv convenient in construct mg tne iiiap^ 
It is attended however with this inconvenience, tiiat the 
parts of the earth liave an appearance diflcrcnt from wiiat 
they have when seen from without. Asia tor exanj[)le u 
seeo on the left, and Europe on the light; but this may 
be easily remedied a coontei-impression. 

IL If a projection of the earth on the plane of the 
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equator be required, the eye according to the first method 
nu^be supposed at an infinite distance in the axis pro^ 
ddifo: the pole will then occupy tbe«centre of the im^; 
the parapets will be concentric circles, and the inwdiatis 
straight lines. But it is attended wit^his iiiconyAience, 
that the parts of the earth near th^||^uator will be very 
much contracted. 

For this reason it will be better to hare recourse to the 
second method, which supposes the northern hemisphere 
to be seen bv an eye placed at the south pole, and vice 
versa ; as there is here an inversion f the relative position 
of the places, it may be remedied in like manner by a 
counter-impression. 

HI. 1!’ the eye be supposed in the zenith of any deter- 
minate jdace, as of London for example, and at an infinite 
distance, we sluill have on tlie plane of the lionzon a re- 
presentation ot tlie terrestnal litMTiispbere, the pole of 
which IS occupied by London, and which is of the third 
kind. Blit this representation will still be attended with 
the inconvenience of the places near the horizon being too 
much crowded. 

This defect however may be remedied by employing 
the Second method, or by supposing the above hemisphere 
to be seen through the horizon by an eye placed in the 
pole of the lower hemisphere: the different meridians will 
then be represented by arcs of a circle, as wnll also the 
parallels: the circles representing the distance from the 
proposed to all other places of the earth, will be 

straight lindl? The inversion of position may be remedied 

in the preceding cases. 

, The numerous uses to which this particular kind of pro- 
jection can be applied, may be seen in a work published 
by Father Chrysologue in 1774, and which was intended 
as an explanation of his double map of the worlds already 
mentioned. 

Various other projections o| the globe might be crni- 
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and by supposing the eye in some other point 
than the pole of the hemisphere^ more equality migh^iLbe 
preserved between the parts lying near to the centrd'ii^ 
the edges of the pr^ectiou; but thn> would be attended 
with odUsr inconveiwnces, via, that tiic circles on tlie suiv 
face of the sphere o^lobei would not be represented by 
circles or straight lines, which would render a description 
of them difficult. It is therefore better to adhere to the 
projection where the eye is supposed to be in the pole of 
the hemisphere opposite to that intended to be repre- 
sented ; whether the terrestrial globe, asm common maps, 
ts to be projected on the plane of the first incrtdidu, or 
whether it be required to project it on the plane of 'the 
equator, or on that of the hoiizon of any determinate 
place. 

PROBLKM xn. 

The latitude and longitude of two pUu r ?, London and CayeuM 
Jar (xaniple^ bang gnen; to find uith uhat point oj the 
horizon the line draic n Jroin the one to the other tor responds; 
or uhat angle iht azimuth cinle drawn jrovi the f rmer 
of these places through the olhcr makis with "he mtridian. 

The solution of this problem is attended witli very little 
difficulty, if sphencal trigonomeiry be employed, as it is 
reduced to the following : the two sides of a spherical tri- 
angle and the included angle being given,* to find one of 
tbe either two angles. But for want of trigonometrical 
tables, whicli I had lost with ail mv hi conse- 

quence of shipwreck, I found myself obhgcdFon a certain 
occasion to solve mis proolcm by a simple geometric# 
eon^tructiun, which I shall here describe. 1 cannot how- 
ever help mentioning the singular circumstance wifici} 
Conducted me to it. 

Bring at tbe island of Socotora, near Madagascar, on 
board a vessel belonging to the East India company, which 
had touched there, 1 iort^pd an acquauitaoce with a^do** 
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vout Miissulam, one of the richest and most YesipfictatiW 
irthrtl)*.rants of the island. As he soon learnted, by tifie 
astronomical ol)scrv«itions which he me make, that? 
WHS an astronomer, he requested me to determine ih hii 
chamber the exact direction of Merc^ that he turn 

himself towards that ventricle plaq^ui^hen he repeated hiA 
pravers, F at first hesitated on account of the object; 
but the good lahia (that was his name) begged with, so 
mucli earnestness, tlwit I was not able to refuse. Having 
neither charts nor globes, and knowing only the latitude 
and longirude ot the two places, I it 1 recourse to a graphic 
construction on a pretty large scale. I determined the 
anirle of position, whieli Mecca formed with the above 
iiilaiKl ; and traced out, on the floor of his oratory, the 
line in tfie direction (||| which he ought to look, in order 
to he turned towards Tlltrca. Words can hardly express 
hOw much the good lahia was gratified bv my compliance 
with Ins \Msbes; and 1 have no doubt, if still alive, that 
be offers up grateful pravers to his prophet for mv con- 
version. But let us return to our problem, in which we 
shall take, bv wav of example, London and Cayenne. 

To resolve it bv a geometrical construction, describe a 
circle to represent the horizon of London, which we shall 
suppose to he m the centre p: the larger this circle is, the 
more correct will the operation he. Draw the two dia- 
meters AB and CD, cutting each other at right angled; 
and having assumed dn, equal to the distance of London 
from the p|i||f draw the radius np, and PK perpetidichfei" 
to it, whiciWlll represent a radius of the equator: tnake 
the arc ek equal to the distance of the second place from 
the equator, winch in regard to Cayenne is 4® 56'; draw 
also KF and ko, perpendicular to the radii pb and J 
and frpm the point g draw go perpendicutur to the dk 
ameter ab, and continue it bn both sides: if from obsb 
centre, uith the radius gk, a semi-circle BHg be thehi 
described on the line Rog, the^oints r and g will nece$^ 
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within the circle ; because po being greater OSgd 
yie shall huvci on the other hand, gk or ok less thatr 
os* , 

Having described the semi-circle khq, assume the arc 
Ht'.eqital to the di&rence of the longitudes of the two 
placei>]^ that is towaimthe sido c, which we here suppose 
to represent the west, and towards the south if the second 
plajpe lies to the west of London und farther soiitii, which 
is the case in the proposed example ; for Cayenne is situ- 
ated to the west of London, and lies much nearer the equa- 
tor, Hence It may be readily seen what ought to be done, 
if the second place lay faither north, or to the east, &c. 
The arc hi then having been taken equal to 52^^ 11', draw 
it perpendicular to the diameter kq ; and draw hi till it 
meet, in m, that diameter coiiuiiue^|^f mf be then drawn, 
which will cut Li in t , the point t will represent the pro- 
jection of Cayenne on the horizon ot London ; and con- 
sequently, by drawing the line ft, the angle if a will be 
that formed by tlie azuiiutli of London passing through 
Cayenne* 

It will be found, by this operation, that the line of po- 
sition of Cayenne, in legaid to London, makes with the 
meridian an angle ol 61® 48', consecjuently Cayenne bears 
from London south west by west J v\est nearly. 

|t must however be allowed that tins problem can be 
solved iiiechanically,by means of a globe, with much more 
ease and convenience ; ior nothing more is necessary than 
tp reetdy the globe tor the latitude ot t:o screw 

C^st the quadrant ot altitude to that point, aifflRlieii to 
it till the edge of it corresponds with Ca\ enne ; if the ' 

Ui^r pf degrees intercepted between it and the meridian be 
then counted on the horizon, you will have iho angle it. 
fpriiij» >>th the meridian. But as a globe may not alwaya 
nor tables of sinfes and tangents to solve it 
trigonometrically, this want may be supplied by the gra^ 
*pbin<f 9 onstrucUon above dqjfcribcd* 
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THEOREM. ^ 

T/ie heavenly bodies are never seen place where tlve^ 

really are : thus^ for example, the whole face of the sun 
is seen above the horizon after he is actually set. 

Though this has the appearanci^ of a paradox, it is a 
tnith acknowledged by all astronomers, and which philoso- 
phers explain in the following manner. 

The earth is surrounded by a stratum of a fluid mtich 
denser than that wliich fills tlic expanse of the celestial 
regions. A small portion of tlu terrestrial globe enve- 
loped by this stratum, commonK called the atmosphere, 
is seen represented fig. 8 pL 2. If the sun then be in s, a 
central ray se, when it reaches the^itmospliere, instead of 
continuing its coursyto a straight line, is refracted towards 
the perpendicular, ana assumes the direction ef. A spec- 
tator at F, must consequently sec the sun in the line fe ; 
and as we always judge the object to be in the direct con- 
tinuation of the ray by m hich the eye is affected, the spec- 
tator at F sees the centre of the sun at s, a little nearer the 
2enith than he really is ; and this deviation is greater, the 
nearer the body is to the horizon, because the ray then 
falls with more obliquity on the surface of the atmospheric 
fluid. 

Astronomers have found that when the body is on the 
horizon, this refraction is about 33 minutes; therefore 
when the upper limb of the sun is in the horizontal line, 
so that if SRre were no atmosphere he would seem only 
beginning to peep over the houzon, he appears to beele- 
^vated minutes ; and as the apparent diameter of the sun 
is less than 33 minutes, his lower limb will Appear to touth 
the horizon. Thus the sun is risen in appearance, though 
be IS not really so, and even when he is entirely below^tbe 
horizon. Hence follow l^everal curious Consequences, 
which deserve to be remarked. 

1. More than one half of the celestial sphere is alwa 5 rs 
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seen ; though in every treatise on the globes it is suppo^d 
that we see only the half ; for besides the upper hemi- 
spfaeroi we see alsa||kband round the horizon of about 33 
minutes in breadtl^ winch belongs to the lower hemi- 
sphere. 4 

II. The days are every w^here longer, and the nights 
shorter, than tlicy ought to be according to the latitude of 
the place ; for the apparent rising of the .sun precedes tlie 
riilil rising, and the apparent setting follows the real set- 
ting; therefore, though the quantity of day and night 
ought to be equally balanced at the end of the year, the 
former exceeds the latter m a considerable degree. 

III. I’hc effect of rcfi action, above dcsciibcd, serves also 

to account for another astronomical paradox, which is as 
follows. r 

The moon may be seen cclip‘?en^evcn totally and cen- 
trally, when the sun is above the horizon. 

A total and central eclipse ol the moon cannot take place 
but when the sun and moon are directly opposite to each 
other. We here suppose that the leader is acquainted with 
the causes of these phenomena, an explanation of which 
may be found in every elementary work oi* astronomy* 
When the centre of the moon therefore, at the time of ft 
total eclipse, is in the rational horizon, the centre qf the 
sun ought to be in the opposite p6int ; but by the effect 
of refraction these points are raised 33 minute» above tlie 
horizon. The apparent tfCnu-diaint ter of tlie sun and 
mooQ being only about 15 minutes; the l^cr limbs of 
both will appear elevated about 18 mi.iutos.’^ ^ 

Such is the explanation of a ptu’iioinenon which 
ta^e place at every central eclipse «f the moon j for there 
is always some place of tbecaith wlieie the moon is oti the 
horizon at tlie middle of the eclipse. 

IV. Refraction enables us to explain also a very com- 
mon phenomenon, viz, the apparent elliptical form of tho 
ma ftod moon, when on the horizon ; for the lower limh 
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siin correspqiM^ling, we shall suppose, with 4be 
i^oioiU horizon, is ^evated 33 minutes by tlic elfcci^of 
refraction; but the upper limb beiw really elevated 3^ 
tuinuies, (which is nearly the appai^^ diameter ot tltat 
^luminary at its mean distances,) is elevated lA appearance 
by refraction no more than ^28 minutes above its real alti- 
tude; the vertical durnetcr tbcrefor^will appear shortened 
by the diiference between 33 and 28, that is to say 5 mU 
nutes; for i( the refraction of the upper limb were e(||fol 
to that of the lower, the vertical diameter would be neither 
lengthened nor shoi toned. The a] parent veitical diameter 
will thus bc'Todufcd to about 28 'ninutes. 

But there ought to be no sensible decrease in the horii- 
zontal diameter, for the extremities of this diameter 
carried only a little h^hor in the veitical circles pass<^ 
ing through them, aM which, as they meet m the zenith, 
are sensibly parallel. Tlie veitical diameter then being 
contracted, while the horizontal diameter remains the 
same, the result imist be, tliat the disks of the sun and 
moon will apparently have an elliptical form, or appear 
shorter iti the vertical direction tliun in the horizontal. 

V. There is always more than one lialf of the earth en- 
lightened by a central lilunmiation ; that is to say by an 
illumination, the centre of which is visible i for if there 
were qo refraction, the centre of tlie sun would not be seen 
till It corresponded with the plane of the rational horizon j 
but as the refraction raises it about 33 minutes, it will begin 
to appear it is in the plane of a circle parallel to the 
rational hc^on, and 33 minutes below it. 

There IS therelore a central illumination for the whole 
hemisphere, plus the, zone comprehended betweeji that 
hemisphere and a parallel distant from it ^ mniutca; and 
tbm^e IS a complete illumination from the whole disk ^/the 
sun to the slanie hemispheie, and the zone (comprehended 
l^tween the border of it, and a parallel about' io minul^a 
llirther below the horizon. 
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What OzanlEitn therefore, or bis oootinuator, endeavc^np 
to demonstrate, after Deschalcs, with so much labour and 
tediousness, (see ItMj^aiwns Mathematiqms^ vol. ii. p. 277 
edit, of 1750,) IS aliolutely false; because no allowance 
is made for refraction. 

x\. 

Tii determine^ withmt astronomical tables y whether there will 
be an eclipse at any new or full moon ^iveju 

Though the calculation of eclipses, and particularly 
those of the sun, is exceedingly laborious; those which 
took place in any given year of the l8th century, that is 
befween 1700 and 1801 , may he found, without much dif- 
ficulty, by the foUowiag operation. The method of find-* 
mg those of the presort or I9th cer^iy, will be sliowfi in 
the additional reinaik to this prol)lem. ♦ 

For the New Moun^. 

Find the complete number of lun.itidhs between the near 
moon pioposed, and the 8th of January 1701, according 
to the Gregorian calendar, and multiply that number by 
7361 ; to the product add 33890, and divide ihe sum by 
4tJ200, without paying any regard to the quotient. Iftho 
remainder after the division, or the difference between that 
remainder and the divisor, be less than 4060, there will be 
an eclipse, and consequently an eclipse of the sun. ^ 

jS'avwp/c.— It IS required to find whetbet there was an 
eclipse of the sun on the first of April 1764. J|ptween the 
8th January 1701, and the 1st of April ne^thcre Iverc 
782 complete lunations; if tnis number then be mdltiplieci'^^ 
8y 7361, the product wnll be 5756302 ; to wdiicli adding 
S^B90, we shalthdve 5790192; and this sum divided by 
43200 will leave for reiiiaindei 1392: tins number being 
less th^ 4060, shows that on the 1st of April 1764 thei^ 
was anecUp6e of the sun, wdiich was indeed the case; ati^ 
this eclipse was annular to a part of Europe. ‘ ^ 

III. ^ 
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fhf the Full Moons. 

Find the Dumber of complete lu|ilions between that 
which began on the 8th ot January liift, and the conjupo* 
^ tiOD which precedes the full moon proposed : multiply this 
number by 7361 ; and haring added to the product 37526^ 
divide the sum by 43200: iftlic remaindci aftei tbe divi- 
sion, or the tliflercnce between the remainder and the di- 
visor, be less than 2800, it will show that an eclipse of iile 
moon^ took place at that time. 

Let it be required i find whether there was 
an eclipse at the full moon whic i took place on the 13thr 
of Decembei 1769. Between the 8th ot January 1701^ 
and the 28th ol Noveinbei 1769, i^day of the new 
preceding the 1 3th ot December, tH^e were Sj 2 complete 
lunations* the product of this number by 7361 is 6271572} 
to which if we add 37 326, the sum will be 6308898. But 
this sum divided by 43200, leaves for remainder 1698, 
which being less tha‘n 2800, shows that there was an eclipse 
of the moon on the 13tb Decembei 1769, a$ indeed may 
be seen by the almanacs foi that year. 

Rlmakk.“^o determine the number of lunatiotis, 
which ^have elapsed between the 8th January 1701, and 
aDy proposed day, the following method, which is attend* 
ed with veiy little difficulty, may be employed. Diminish 
by unity the number of jears above 1700, and multiply 
the remainder by 365 ; to the product add the number of 
bisseKtileii l||^twccn 1700 and the given year, and the result 
will be the humber of days from the 8th of January 1701 

the Blth of January of the proposed year# Then add tlie 
number of days from the 8th of January of the given year 
to the day of the new moon proposed, iW to tbat^wbicb 
precedes th^ full moon proposed ; and having doubled the 
•urn, divide it by 59, the quotient Will be the nuilM>er of 
lunations required. 

N Let us propose, by way of examplc| the 13th 0e* 







cemW 17G9, tho day of full moon*, <Thc preceding 
moon tell on the 28th November. Tf 6i9 b^fHrtllnjbhed 
by nrrity, the rcrn A j^fer is 68 ; ^^hich iflhltiplmd by SSSj 
gives 24820. As in^at intci val tlicre i^cre 17 bissettdes, 
we must add 17, Inch w il) giv^ 24837. Lastly, the naitt* 
her of days from Januaiy 8th toNovembtr 2Sili^l769 Was 
300, whjcli added to the abt^ve sum make 35 J 46. TMs 
number doubled is 50292; viinch divided by Sy, gives foi 
qirotii?nt 85^. The number of complete lunations there- 
fore, between the 8th of January 1701 and the lull fhoori 
December 13th 17^9, was 852. 

ADoirioNAi-. nFMARK — This easy methotl of finding 
ecRpses wa5 invented by M. de la Hire, a cohhnited 
French astionomcr; hM as it vmII requnc^ ‘‘Oinr* aiteration 
to make It ansucr lorVic piesent centurj^, wc shall fir^t 
explain the principles on winch it is (otmded, and then 
show^ how this alteration is lo b( in k. 

1st. In regard to the full moon*-, wc shall supp>»ie thkt 
the sun IS at prWnt in the ascending node, and he modtl 
in the descending: tla» former dm mg ihe peiiod of a Jil-* 
nation will movcfiom Ins node JO degrees 40 niinuteM IS 
seconds; wbichexpies'.t d in cpiartcr^ of a niimue are cqua| 
toY361. Hence M. de la Hire muliipliesnhis nnmberby 
that of tfie complete lunations, between the ncwmodnOti 
tfaeBth 6t January 1 701, and the fuirmoon proposed ; tfnd 
the product necessarily gives all the movements whicbtho 
sun has made during that time, to recede from tiie one 
and to approach the other. ^ 

2d. The suii at the time of the lull moan in the ttlOBfb of 
January ITOI, was distant fiom his node 155 degrees 8| 
mirrtftes 30 Stecomls, whreh expressed in quarters ofn 
nute^ give 37336: hence according to M.dcla Hire this 
jtutiiber must be added to the product of 1301 multipimA 
by the Ilnattons. ^ * q 

3d. The two nodes of the lunar orbit arefh^taut 
cadi 180 degrees^ or toduo minutes ; which 

f3 
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pHttdi by 4, give 4Sa^t tbe distance therefbre of the 6tai 
node frthn the other is represented by 43200. 

4tb, To obtain the true distancfe j A the sun from thte 
node, 43200 must be subtracted from^e sum mentioned 
in the example, viz 63088$8, as many times as possible; 
And benoD) according to M.^de U Hire, this sum must he 
dMded by 43SOO, neglecting the quotient. 

The Remainder after the last division gives the true 
distance of the sun (rom his node, which we have Wthe^o 
supposed to be tlie asi ending node ; that is, the node by 
which the moon passes fiom the iithern to the northern 
side of the ecliptic. If this remainder does not W 3 CC^ed 
2800, there v ill be an eclipse, or least it will be possible; 
beisause the sun will not be distan^»^roiii his node 11 de- 
minutes. For 11 degiees 40 minutes are equal 
to 700 minutes t and 700 minutes multiplied by 4, give 
2800 quarters of a minute. 

6th. There may be an eclipse though the remainder after 
the last division exceeds 2800 ; but in that case the differ- 
ence between tins remainder and the divisor will be less 
than 2800. The reason of this is, that the sun is necessarily 
j^istant from one of the two nodes less than 1 1 degrees 40 
minuted. The one node indeed being distant from the 
Other only 43200 quarters of a minute, and as the sun can- 
not recede from the one node ivithout approaching the 
other, if the difference between the remainder after the 
dirUioiij and the divisoi 43200, does not exceed 2800, there 
will uecessajrdy be one of the nodes from which the sun 
will not be distant 11 degrees 40 minutes. 

^ But it may heie be objected, as the sun during thotime 
of a fanatioii does not pass over 30 degrees of the ecliptic 
from Wist to east, w^hy have we asserted that if he he at 
|M^sent in the ascending node, be will remove ft in 
the coursh "at a lunation, 90 degfhes 40 mi|iuK|j| 15 se-* 
ohMs? 

This ob}ic(ion will not a|iipeftrW much eoMN^tencie, 





«» 

but to tbosij who imagine that^e'fl^es whic^ the lunar 
orbit forma with the ^lar are fixed and ii^mo^i^hle. Tim 
ia'Bot the case; tMjte^llodea have a perioSkal naoifc^, that 
iS| they througfr the 12 signs of the zodiac in th^ doorsl^ 
of a4most 19 years, not from to east, as the sufii> btti; 
from east to west : at the cnd.of a lunation thWi 
must be 30 degrees 4o minutes 15 seconds distant from the 
node he has quitted ; becaube he not only mdveS froin hij 
node, but his node moves from him. , ^ 

In regard to new raOons, the only difibrencc Ih the 
opev^tton IS, that 33b90 is added to the product of the 
lunations by 736 1, instead of 37^26. At the time of the 
new moon in Jcuniary l7oi, the sun was distant from bis 
node 141 degrees 12 i|iinutes 30 seconds; which expr^Sed 
in quarteis of a minute are equ«il to S3890. for an ectipsfe 
of the sun therefoio, 33890 must be added to the product 
of the lunations b) 736 1 . 

It IS to be observed also, that loi solar eclipses, the re- 
mainder must^lfq losa than )G0, \\\nd\ rrpi sents the 
quarters of a minute contained iii JG degrees 55 minutes. 
A ^lar ecljp$e indeed js not iin|>()ssib]e hut t^hen the sun 
and moon are at a greater distance Iroin then nadcs tha|^ 
16 degrees >55 minutes: the remainder and divisor^^fe- 
fore must dot be compared wnth 2800, as for eclipses of the 
moon, but with 4060. 

To appljy iho above ruki to tiu present oentufjf* 

It is evident from what has been swid, that to find, by 
the above method, the eclipses of tlie sun and mOonjp the 
present century, nothing will be necessary j^ut.to subiti*^ 
ti^te, for the suu^ distance from the node at the fkoe of 
the new and full moon in the month of January |701, the 
same distance at the time of tbenew and full moon in 
month^f January 1801, and ta^|l;aunt the lunadbns between 
the new moon in January 1801, that is the i4tb, 
time Buttle sun’s distant^ from tb^ ttt 
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tbe time of the new IHh day of January I90i^ 

distai^^^from the nod^ atahe 
time fu%4ioon on the 2 ^Wil January ttOiinvna 

^97'^4S' 1 1". The . former of these rWuced to (jj^rterjivof 
n^minitt^ gives 67^1%^ an^. the latter reduced lA thc^me 

be'i^equiri^ find whe^r there 
wil4^e an ifcli^se at the full tnoon on tliCd iStb M March 
'l80a*, Botvvj^en the 14th of January iSOi'^d of 

Mar^h^'lSOt, day of the ncw^ioon 
of March, tli^^ be 14 comp to limatk 
duct orthis nuinb^' by 73|^J is I0'i054, to wWnlffl^i&^dd 
71341, the suo) will bo 174995. But this ii«m 
43%, Loaves for rcmauider 1595 ; ^bieh/beili^ lesis^.jt|j^ 
^(^^«how4‘thcitHheito will be an<eQlip«e ofvti^iilfi^^ 
the iSih of MarclS 1802. >> ‘ _. 

fixampti 2d , — It is required to find whethr^ tfieite vlriM^ 
hfenn pplipso^ot’jtlie sun qn the 3d of Marpb l80$fe i 6e^ 
twfeetvtiic 14th of January 1801 ami th^^3t|^f Marphll^^ 
ifiNfre will be 14 conijilcte lunations^# flits ntifUH^^r te 
multiplieJ^lJ^ 73c»l, the product \^ll blg^)#OS054^ to 
,^ding^|^427i’ wc shall have 170481 ; 

will leave for renuurider 40S81 1 thi9 ni];||!|bet 4S 
than 40 j$ 0, but its difie^«i|jce front 4^00^ Wiidi is 
"ifiSNlI, ts...ilss than 4060 ; we may conclndie 
there in eclipsti of the sun on the 3d orKlitrch 160S, 

PROBLEM xyt. 

> of a machine wJiick indicates the n0»r094 

^ A theMlipses that imeiJiappemd^h)i^.i^^ 

/ he^ny (txiping a ceriain^^^^i^)^ *: 

Thij#nget>ious 

fl^inet by 

€op| 





|iietfe| wii&ch is the least, there circular l»anU%Uon^ 

raining aiuall apertures^ iheextei^r exhibit ^ 

the tie# moons, image of the sw^ik) th^ iutenor 

ones tb^/pll nioo^with the image of the moon, 

The^iSge of this circular pigeq is 4 ltided mjto? lU luD^r ' 


months^ each consisting of 2SlSai(% J^2 honors 4Hk*ttni|[i^te|j 
bat in^jQch a mamltej^ that the end of tl^X^vd||l:h moyti, 
which firmatlib copimciKenient of the se^oi^ Innar^ear, 
f ar|bkfiae$ new moon of the second, j^y 4of t!^'l79 
tbe^Gcoiid circular p^<^ pM^^ be- 

of this pieee is j^rnishe^wjitlh an index, one 
lorms part of a njjbt Jme, that tends 


lorms part of a ffjjbt Jme, that tends 
the machine ; and n Inch passes also ihrocgh 
of the external apei tu,r(‘A,^,^at shoiffil the 
of the lunar year. 'I'lii^ diameter of each 
50f tll^^ |^ftur«^s is equal toxhont 4 degroesl‘ ^ 

,j ' ^Tlrl& bdge'bf tlioiccond circular piece d^Vldcd^iut^;l#f^> 
parllft, iSt^r^spondiiig to as iiiaji)^ liiriar a eXrs, 
^r^ons^ng of 85 ' 1 * days and about 9 hours* Tlie first ys^Sar 
hlC^S'Xtkhe nulnficr 479, whcie the lastlpndiir^ .;^cr, 

, marked Quires 

1> 2^, i? placed at every lour divisions; 

to make, the number Ull, as se^jifi the 
lunar year comprehends ^ir of^boMditvi* 
moj^i;is6 tW m tins figuie they atUicipato 
<^hei^|puri^f the 179 divisions of the edgfs| f 

Oid tbela^te cn cula piece, and below "the of 

there are spOces, coloured blacj^/^;,t^.twp 
i^^itneul^i^.of'tlie saute diameter, which coriipsppiid 
pxter^ j.; a^I^lTj^b indicate tlife edtl|^l4si of 

cd, correspondj|p''tho in- 
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node, corresponds on^yneside to the division marked 4('atid 
f of a dbgree ; and on the other side to the opposite num- 
ber. The figure of the coloured ispipp is seen on the se- 
cond circular piece ; and its amplitudl or extent marks the 
boundaries of the edhpscs. 

The third and largest of the circular pieces, which is be- 
low the res);, contAiniH the days and^nonths of the common 
years. The division begins at tlie first day of March, in 
order that when the year is bissextile one day may be added 
to the month of February. The days of the year are de- 
scribed in the form of a spiral 5 a. the month erf 'February 
passes beyond the month of Man n, because the lunar year 
is shorter than the solar, so that the l^th hour of the iOth 
day of Fi^brtiary corresponds to the beginning of March. 
But, after counting the last day of February, it is necesK. 
sary to move the two upper pieces backward, in tUe state 
in which they are, in order to resume the first day of 
March. 

Thirty days are marked before the month of March, 
which serve for finding the cpacts. 

It is to bqi observed, that the days, as here understood, 
are not counted according to the usual method of as- 
tronomers, i)ut according to the vulg.ir mode of computa- 
tion, ^beginning at undinght, and ending at midnight df 
the day follovvii^. When we speak therefore of the first 
day of 41 month, or of any other, we mean the space of 
that day marked in the division ; lor wc here count the 
current liays, according to the vulgar usage, alre^ady 
uaiti. ,, 

In the middle of the upper circular piece are described 
the epochs which mark th^ commencement of the lunar 
years, m^regard to the solar, according to the Gregorian 
calendar, and for thd meridiah of Loudon. The com- 
mencement of the first year, whteh ought to beip^ked 0, 
and which corresponds on the division 179, too{£ p^ce at 
London on the 29th of February IfSO at 4 hours 44 mU 
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nntea, new stile. The end of the firs^ lunar year> which is 
the commencement of the second, oorresppiuU to the divi* 
Sion marked 1; and |^^ place at London bn the Ilth of 
February 1681, at 13 hou!>, 33 minutes, counting 24 
hours, as before said, from one midnight to another. To 
prevent error, in nidking the divisions on the edge of the 
second circular piece to, agree witli the corresponding ones 
of the epochs of the lunar year, tlic same numbers are ui- 
scribed on both. 

The epochs of all the lunar years, from llll to 1791, 
ate marked in succession; in oulci that in using this ma« 
chme,*;the solar and lunar years may better agree. In re- 
gard to the other years of ilie c} cle of 179 jcai s, they may 
be easily completed by adding 354 dajs 8 hours 48} mi-* 
ni|itefi> for each lunar year. 

The index, which extends from the centre of the instru- 
ment to the edge of the largest cncnlai piece, serves for 
making the divisions of one pim' conespond with those 
of the" other two. If this machine he applied to a clock, 
it wHl form an instrument perlect and tomplele m all its 
jiarts. 

The table of epochs, which is calc ulated fo- the meri- 
dian of London, may be easily redueeil to any otber iuc- 
ridian, if the diliercncc of imuidj ms, m tinu-, bo adiled 
for places laying to the east of Londdn, .*nd subtracted for 
those lying to tlic west. 

It IS proper, to put the table- o( epochs on the middle 
of the upper plate, m order that it may be seen with the 
machine. 
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Eronts OF THE lunar years, 

>1 ^ 

Corresponding to the Civil Yvar^^ '^or the Meridian of 
London, 


'Xiinar 

Ci\)l 


Months. 

D. 

H. 

M. 

ycurs. 

y( iirh. 




' 4 

44 

179 

1680 

B . 

February 

29 

1 

16S1 


f'cbuiary . 

17 

13 

33 

2 

1682 


February 

6 

32 

21 

10 

1 


November , 

11 

20 

50 

20 

lb99 


Ju 

26 

12 

57 

SO 

1709 


Ap il 

9 

5 

3 

40 

1718 


De^'cmber . 

21 

21 

10 

SO 

1728 

n . 

September . 

3 

13 

15 

«0 

1708 


May 

18 

5 

21 

70 

1718 

B . 

January 

29 

21 

27 

80 

17:>7 


October 

12 

13 

35 

90 

17()7 


June 

26 

5 

40 

100 

1777 


March • 

8 

21 

46 

101 

1778 


February 

26 

6 

34 

102 

1779 


February 

25 

15 

22 

103 

17S0 

B . 

February 

4 

0 

10 

101* 

1781 


January 

24 

8 

58 

105 

1782 


J4iuiaiy 

13 

17 

46 

106 

1783 


January 

3 

2 

34 

107 

^ 17S3 


December . 

23 

11 

22 

108 

1784 

B . 

December . 

. H 

20 

10 

109 

17S5 


December . 

1 

4 

59 

no. 

1786 


November . 

21 

13 

47 

lU 

I'lST 


November . 

10 

22 

35 

112 

1TS8 

B . 

October 

30 

7 

24 

113 

1789 


October 

19 

16 

12 

114 

njjo 


October 

9 

1 

0 

114 

. 1791 

. 

September . 

2§ 

9 

43 

120 

1790 

B . 

August 

3 

5 

59 

130 

1806 


April, 

16 

22 

S 









iiunar 

years. 

Civil 

years. 

IMonlh#. 

l>. 

U. 

M, 

140 

' 1815 

December . 

29 

14 

12 

150 

1825 s. 

September . 

U 

S 

28 

160 

1835 

May 

25 

22 

24 

170 

lS-t5 

February 

5 

14 

31 

1 

1854 

October 

20 

6 

37 


Method of making the dnisions on the civcukir pieces of the 
nisIriDnent. 

The circle of the largest j>u ce is (li\ idctl in such a man- 
Iiqr, that 3(58 degret^s 2 ininiites 12 seconds couipi ehcMul 
354 days and somewhat less than y hoiiis; henro it iollows, 
tljiat this circle ought to eonlain 31G daV*', .uid 15 hours, 
which may be assumed without an\ si nsible enor as two 
thirds of a d.iv. I5ut to divide a circle into 346 parts ami 
two thirds, reduce tiie whole into thud'^, winch in this CiLse 
make 1040 tlnid^, .ind then tind tlu' gie.ite^'t multiple of 3 
that can be, easily h*dve(I, .mil is contained in lo<(0. This 
miniber wdl be lound in the double <»(*oiuctncal progress 
sion, the fust or least teiin of wliuh ; ; as tor example 
3,6, V2,2l, IS, i)6, ln2, d.S4,7uS. 

♦ The ninth number ol this pi ut\‘ ession, \iz 768, is the 
one required : subtract this umuln i bom 1010; and .by 
the rule of three, Imd liu* umubci <>1' chgrecs iinnutcs ami 
seconds contained in tlic remainder 272, bv saying, us 1040 
thirds • 360 degrees 272 thirds : 91 degrees 0 minutes 
23 seconds./ 

. Then cut o/rfiom this ciiclii an angle of 94^' W 23'', and 
divide the rest ot the circle always into h. lives. WiicA 
eight sub-divisioiis have been made, you will come to the 
number 3, wdneh will be the arc ol one dav ; and if the arc 
of 94^ 0* S3" be divided by tins aUo, tiie uhule circle will 
be divided into 316 days and two thiids ; for there will i>c 
2.56 days in the larger are, and [)U clays two thirds iij the 
other, liach of lhe>e spaces wid coire^ijoud to T f 18", 
jfis niav be seen i;y duiding 7G0 by 3'i6-, , and 10 days cof»M 
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respond to 10^ 23 \ By thc«ie means a table for diriding 
this circular piece might be formed. 

These days must afterwards be di^ribulcd to each of the 
months of the year, according the number which belongs 
to them, beginning with March, and continuing to the 
fifteenth hour of the tenth ol February, w hich corresponds 
to the commencement of March ; and the remainder of the 
month of February pas^obexond and above. 

The circle of the second plate must he divided into 179 
equal parts. Por tins purpose, hnd the greatest number 
that can always be tialved to in v,and which is contained 
in 179. This number is lli8, w ^icli taken from 179, leaves 
for remainder 51. 'riieii find, by the rule of three, what 
part of the cucuinfoience is c(|iial to tins remainder, by 
saying, as 179 : 300 degrees : : 51 parts : 102 degrees 34 
minutes 1 1 seconds. 

Ha\ing cut otF fiorii the ciicle an arc of 102® 34^ 11% 
divide the lemainder always into halves, and after seven 
sub-divisions you will come to unity. This part of the 
ciiclc tliercfoie will be divided into 128 equal parts : then 
with the same apeiturc ot the compasses, divide the re- 
Tuaiiiiug uic into 51 parts; and tlie whole circle will be 
divided into 179 e([ual parts, each coi resiioiiding to 2 de- 
grees and 40 seconds, as may be easily seen by dividing 
360 by 17i^. 

In the last place, to divide the circle of die upper plate, 
take the fourth of its cncumiereiice, and add to it one of 
the 179 parts or divisions ol the edge ul die middle plate : 
if the compasses, w itli an apeituie equal to the fourth thus 
increased, be tlieii made to turn four times, it will divide 
the circle in the manner in which it ought to be ; since by 
subdividing each of these quarters into three equal parts, 
vye shall have 12 spaces for the 12 lunar months ; so that 
the end of the twcltdi month, which forms the commence- 
ment of the twelfth lunar year, surpasses the first new 
moon by 4 of the 179 divisions marked on the middle 
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The method of using this machine is contained in the 
following problem. 

p'rojblkm x\ u. 

J! lunar j/ear bein^ giicn; to fnd^ by m^ans of the preced- 
ing inachiHCy the daijs of the solar i/Car corresponding to 
it; and on which there will be new or full vioon^oran 
eclipse of the swi dr mooiu 

Let the proposed lunar year be the 101st in the table of 
epochs^ which corresponds to tiie division of the middle 
circular plate marked lOl. llring the edge of the index 
of the upper plate to the division marked 101 of the middle 
plate^ where the coinmenceinent of the 101st lunar year 
iiaits; and as this eonmiencement took place, atx'oidmg to 
the tabic of epochs, on the 2o(li Kebrnary 1778, at hours 
J4 minutes, turn both the upper plates together m that 
state, till the edge of tiie aMaelied to the upper 

plate, corresponds to the t>th liour, or a little more th&n 
the fourth of the 26th o( }MbniaT\ inaiked on th'i lower 
plate, at which time tlie first new moon of the proposed 
lunar year liappcncd. 

Then, without allying the situation of the three plates, 
extend a thread from tlic centre of the insf ruinent, or turn 
the moveable index, till it pass tbroufrh the middle of the 
apeiturc of the first full moon: tlie edixe of the index will 
then correspond to the middle of Hie J fUli of March, which 
ought to be the lime ol full moon, witlnn a lew hours; 
and as the aperture of tins lull iiujon docs not present a 
red colour, there no eclipse of the moon. 

To find what took pkiu: at the following full moon, 
add to the new moon of the epoch 2ft days 12 hours 44 
minutes, and you will have the time of new moon on the 
21th of March, at 19 liouis 16 mumtes; and perform-^ 
ing the same operation, it will be found that dlierc was no 
eclipse either at that new moon, or at the full moon fol- 
lOwingi 
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But^ proceeding in this progressive manner, yoti will 
come to the new moon of November, Avhich totA placteon 
the 19th o^, that month, at 1 hotu*, 8 nunutes; then per- 
forming the same operation, voii util the full moon 
following on the 3cl of November, at about 8 in the even- 
ing, ancl^t will be seen that iIilmc was a partial eclipse, the 
apertiiie of tlie full moon being in that part lilled with the 
red colour. 

The eclipses of the siin will be found in like rtiiliHer: 
they will be nulicated by the bla^k colour which will pre- 
sent Itself at the apertuie of tin. ew moons. 

On the 24.th of June HViS, foi c\:ample,ncw moon took 
place at 19 houis S nmmtc^, or 8 minutes past 7 in 
evening •, and as the apertuie ot this new moon will be ill 
part occupied liy the black colour winch is below, we may 
concliKle that theie was a paiiial eclipse of the sun on the 
21th June 177s ai the evening: which was indeed the case. 

By such a machine Iiowcvcr, it is not possible, as may 
be readily coneenved, to delcrmino the exact hour and 
minute ot an eclipse oi of a lunation. It is enough, if it 
indicates whetliei a conjunction or opposition takes place 
m the ecliptic ; the rc'-t must be determined by calculation, 
lor vvhicli precepts may be found in all woiks that treat 
expressly on this sninoct. 

To gratify the curiobity of the reader, w'C shall herte 
give a table of the echp'.cs, both of the sun and moon, 
which w ill take place in the course of the present century; 
with the dilfeivnt circumstances attending them, such as 
the time of the middle of the eclipse, and its extent; and, 
in regard to eclipses of the moon, how many digits will be 
eclipsed, &e. 

We must however observe, that as this table is extracted 
from an iiniflift.‘use labour"**^, umlcrtaken lor another purpose, 


• This labour is a tabU of the solar aiul lunar eclipfies since the com- 

luenceincnt of the Ctinstjau aera, to the year 1900, inserted in PAft dc t/ri- 
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perfect exactness must not be expectecl, either in extent 
or time, and particularly in regard to the eclipses of the 
iun, since it is well knowrt that a solar (‘clipse, on account 
of the inoon’s pii^|lcix, varies in quantit} aecoraiog to the 
place of the earth; that an eclipse, tor example, >vhicli is 
central and total to the regions of the soutliei n hemisphere, 
may be only paitial and small to the noithern. The 
author therefore, to wlioinwc alludig was sati^hed with 
indiciatllig^ rather than calculating, these eclipses; and 
left thb more exact determinations to astronomers. 

To render this table however more «;eiu‘t;dly useful, wo 
shall add the follow'iiig explaiiatioii. Tlic hour marked 
indicates the middle of the eclipse in trii(‘ time ; ^ sigiiilios 
on© hall, one foiiilh of an hour, morn, morning, aft. 
afternoon. The ijuantity of the eclipse i^ csprcNsed in 
digits and divisions ol a digit. A ihgii is one twclliii part 
of the diameter ol the luminary ec! I'^cd. Six digits are 
equal to one half of tlie disc : lour digits to out’ third, 8tc. 
When an eclipse is maiked 0 digits, the meaning . that it 
is less than a (piarter, oi \ ot a digit. Wdicii the moon is 
within a minute of a degree or less ol the centie, the erlipwj 
is maikcd central; wln-n wntlnn two minut!..s, almost 
central. The duration ot cclijises is ne.irlv |)n)|)urtiOned 
to their greatness; a total lunar eiliO‘,c will continiife at 
least 3^ hours, and at most tour hour> and some minutes ; 
a partial eclipse, which exceeds si\ digits, mav continue 
or 3f hours; eclipses ot between i and (> liigits, are of 
two or three hours’ duiation ; those ol tr'o digits will last 
about li hours ^ those ot 1 digit, about 1 limir ; and those 
of f digit, about ^ of an hour. The tunc therefore of the 
middle of an eclipse, and its duration i^eing given, its 
beginning and end mai^ he nearly aseertamed by the 
following rule, viz: subtract its srm;-iluratiun from tbo 
time given, and the remainder will lie the hour o( the 

Jier lei DaUs, by Uir Ab)>t- a 1! uhtroriomer, anti Hicmbei of 

tbii Rifryat Academy of Sciej r es, 
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beginning ; add the same quantity, and the sum will be 
the time of the end. A lunar eclipse must begiu and end 
every where at the same time ; with this difference, that 
so many tours must be added or subsisted as the one 
place IS to the eastward or westx^ard of the other. Thus, 
an eclipse that begins about 4} hours p.m. at Greenwich 
observatory, will begin about 12 p.m. at Pekin, as the latter 
is 7 hours 46 minutes eastward of the former. 

In regard to sol ir celipses, tliey are dated from the time 
of the conjunction of the sun and moon. Though this 
date be sensibly different from i it of the middle of the 
eclipse; yet tins difference \^ill never amount to two 
hours, and may be nearly foun ] by the following rules; 
1st. In the morning a solai eclipse must always bap^ll' 
sooner, and in tlic evening later, than the time of the con- 
junction. 2(1. The nearci the sun is to the horizon, the 
more sensible will be the difference. 3d, The acceleration 
in the morning will be great in proportion to the elevation 
of the sun at iind-day, three months bcfoic, and the re- 
tardation in the evening ill be great in pioportion to the 
sun's elevation, thiee months alter the time proposed, It 
thence follows, Ist. Tlnii the diffcience must be greatest 
in the torrid zone ; and 2d. That the greatest difference in 
the Other latitudcb must happen in the evening of the 
vernal, and in the morning of the autumnal equinox; for 
the greatest meridian altitudes are observed thicc months 
before and after these seaMJiis. 

The paits of tlie world nliere the eclipse is visible, ar6 
marked. If there be no limitation, the whole or the 
greater part of Europe or Asia must be understood. 
Particular divisions of these quarters are denoted by the 
letters e. w . n. and s. that is East, West, &c. When an 
eclipse IS said to be visible in e. or w. of Europe^ 8CC| tbc 
meaning is, that it is visible in all the parts of the region 
specified, where the sun is sufficiently elevated above the 
horizon at the time of conjunction. When it is marked as 
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Visible 1 $, or s. of any particular rcgioui all places in evtry 
Other direction are excluded. The teritis small and, great 
for the most pp‘t refer to the eclipses, and not the places 
xvhere they are'^sihle. The latitude of those places is 
marked in \\hicli an eclipse is central. Soiitli latitude is 
indicated by the letter s. and noith latitude hy n. wliich 
is frequently omitted. An 0, oi cypher, denotes noith 
latitude* 

TbO course of a centVal eclipse is oft I lines pointed ont 
by three niunhers. The fust aiui tlmd show the latitude 
in which the eclipse is ce^^iral in tlie plan(‘s ol the and 
1 meridians , the si cond, included in erotclu t>>, gives 
thieJatitudc 111 uliich it is central at inid-d.iy The place 
^jfHerc all eclipse is cuitial at niicUdav, may be easily 
found, when the tune ol llie line conjunction at 1 aris is 
known. The inieival betv ten tin tine lonjmuMon as 
given, and nud-day, nenly shous hou many lioms and 
minutes the leciiined jilate is east oi ^VL^l ol tln^ meiidian 
of Paris. 

It is to be obsei N<*d also, lliat tin l.mits of echjises arc 
fixed to be the iropn ot Cancel m yMi’ca, and the nortliern 
extremitv of Lapland , and fioin to r>" n. lat. in Asia to 
the Polar circle. In longitude, the limits aie tlie 5th and 
the 155th meridian^', supposing tlie yoili to jiass thiough 


raris. , , 

The first and tlmd numbe'-s above mentioned, do not 

always express the latitude, mrhr the 0th and 155th 
meridians. Som<*tlnies an edipse litgms htfon* the sun 
has risen upon tiie foinu i , and encL alter it lias gone down 
on the latter mendian. In ll.e^v ea^e^ tlie first number 
denotes the latitude in wbicli the* ecl.psc is central at sun- 
rising; and the next the latitude m ubicb it is central at 
.hn-set. The nmn!>‘ i included in crotchets is oimttcd 
When there b no mm.dian uuhn tla limits prescribed, 
under which the tune of mid dav . omcides with the middie 
. oT th’o eclipse. It is to he olmrv ul aLo, that a numher 

^ \OL. 11 T. 
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sometimes added to point out the increase or decrease of 
an eclipse. 

A sinpIox:baracter or number indict^to/the latitude in 
tvhich an eclipse is central in Kiirope or;^ricaat sun^set; 
and towards the eastern extreiriity of Asia at sun-ri«ing. 
An asterisk * denote^ that the course of a central eclipse 
extends many degrees beyond the equator. A dagger f 
indicates that its course is beyond the pole ; and tlie ex- 
cess IS sometimes added to 90. Thus 94 intimates that 
the eclijise referred to is centred “ beyond the pole. The 
sign + affixed to pen, is used to express that the penumbra 
is deep or strong. 

An eclipse is visible from ^52"' to 64* north ; and as far 
^outli of the place where It IS central. , ,, V 

Table of' Eclipses, from, the beginning to the end of the 
present Century, 

ISOl. Eclipse of the moon, total, March 30tli. morm 
cent. Of the sun, Apnl 19th. 4^* morn. Europe 
N,E. Asia, N. dim. fiom w . to e. Of the sun, Sep- 
tember 8th. 6 morn. Asia n.r. small. Of the 
moon, total, September 22d, morn. 

1802# Of the moon, March 19th. IIJ morn. 5 dig. Of 
the sun, August 28th. morn. Eur. Afr. Asia, 
cent. 69 (59) 23 an. Of the moon partial, Septem- 
ber 1 Ith, 1 1 aft. 9 digits. 

1805. Of the sun, August Hth. 8y morn, great part of 
Eur. s. Afr, Asia, s. cent. 26 (12) * an. 

1804. Of the moon partial, Januai y 26th. 9^ aft. Of the 
sun, Fe bruary 1 1th. 11^ morn. Eur. Afr, Asia, w. 
cent. <25 (32) 64. Of the moon partial, July 22d. 
SJ aft. 10^ dig. 

1805. Of the moon total, January 15th. 9 morn* Of the 
sun, June 26th. 11 aft. part of Asia n.e. Of the 
moon total, July lltli. 9 aft. 

1806. Of the moon partial, January 5th. 0 morn. 9 dig. 
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* Of the sun, June 16th. 4 aft. Eur, Afr* ccint., 
31 — 16 tot. Of the moon partial, June 30th. 10 
' aft. pen. the son, December J0th#s2j morn, 
small, Asia^ €. 12 . 

1807. Of the moon partial, May 21st. Sh aft. IJ dig. Of 
the sun, June 6th. 5f morn, small, Asia s.E. Of 
the'moon partial, November 16tli. 8\ morn. 3 dig* 
Of the sun, November 29th. mend, all Eur. AIV, 
Asia, \v. cent. 18 (13) 9-25. 

1 808. Of the moon total, May lOth. 8 morn. Of the 
moon total, November Scl. 9 morn. Of the sun, 
November 18tli. 3 rnoni. great part of Asia n. incr. 
from 'v^ . to e. 

1809. Of ihe moon partial, April 30th. I morn. 10 dig. 
Of the moon partial, October 23d. 9 1 morn. 9\ dig. 

1810. Of the siin, April 4th. 2 morn. Asia, s.E. cent. ^ 
10 an. 

1811. Of tlie moon partial, March 10th. 6j morn. 5 dig* 
Of the moon partial, September 2d. 11 aft. 7 dig. 

1812. Of the moon total, February 27th. 6 morn, almost 
cent. Of the moon total, August 22d, aft. 

1813. Of the sun, February 1st. 9 morn. Eur, Afr. Asia, 
cent. 32-24 (26) 55 an. Of the moon partial, 
February 15th. 9 morn. 7i dig. Of the moon partial, 

* August 12th, morn. 4.} dig. 

1814. Of the Min, J.iniiary 2Kt. 2i ift. Eur. s.i:. Afr. 
cent. 10 un. Of the sun, July l7tfi. 7 rnorn. Eur. 
s, Atr. K. Asia, s. cent. 11-— 33 (31 ) 5 tot. Of the 
moon partial, December 2Gth. llA alt. 6 dig. 

1815. Of the moon total, June 21st, 6i aft. 12} dig. Of 
the sun, July 7tb, 0 morn. Eur. and Asia, n. cent. 
62 1 tot. Of the moon partial, December 16lIj. l|. 
aft. 

1816. Of the moon total, June 10th. Ij morn. Of the 

sun, November 19th. 104 Kur. Afr. Asia, 
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w. cent. 59 (38) 33 -- 37 tot. Of the tnGoti partial, 
December 4th. 9 aft. 7|- dig. 

1817. Of the sun, May 16th. 7 morn. ' Asia, s. cent. ^ 

(7) 12 — 7 an. Of the moon May Sd. 3J 

aft, pen. f , Of the sun, November 9tlu 2] morn. 
Asia, K. cent. 26-5 s. tot. 

1818. Of the moon partial, April 2i8t. Ojr moln. dig. 
Of the Min, May 5th, 7\ morn. Eur, Afr. Asia, 
cent. 13 (51) b()-53 an. Of the moon partial, 
October 1 4th. G morn. 2 dig 

1819. Of the moon total, April lOi i. 1 J aft. Of the sun, 
April 24th, mend. n. of luir. and of Asia, dim. 
from \v. to Ol the sun, September 19th. 

Fair. N.ii. suiall. Of the moon total, October 3d. 
35 aft: 

1820. Of the moon partial, Mai eh 29th. 7 aft. 6 dig. Of 
the sun, Sc[itcinher 7tli. 2 af(. Eur. Air, Asia, w. 
cent. 62 — 29 an. Ot the moon partial, September 
22d, 7 morn, 10 dig, 

1821. Of the sun, March 4tli. 6 morn. Asia, s.e. cent** 
(7 a.) 24 tot, 

1822. 01 tlie moon partial, Februai v 5} morn. 4i 
dig. Oi the moon partial, Aug. 3d. Oj mo\u 9 
dig. 

1823. Of the muon total, January 2()ih. 5^ aft. Of the 
sun, February lltli. 3 morn, great pait ol Asia N. 
small, Ol the sun, July 8th. mom. Eur. and 
Asia, N. Ot t!ie moon total, July 23cl, 35 morn. * 

1824. 01 the moon paitial, January 16th. 9 morn. 9 dig. 
Of the sun, June 26th. 11} alt. Asia, e. cent. 
27 — 41 tot. Of the moon partial, July llth, 44 
morn 1 dig, 01 the sun, December 20Lh. li morn. 
Indies, s. Miial). 

1825. Of the moon partial, June 1st. Oi moMU" Of the 
sun, June 16th. Oi all, Afr, small cent. ^(0)*. 
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Of the mooi> partial, November 25tb. 4J afti 2j 
dig. 

1826. Of the m^pn total, May 21st. 3 \ aft. Of the moon 
tottl, NoVsSmber liili. 4i aft. Of the sun, Novem- 
ber 291]), 11 J morn. Eur. Afr. Asia, \v. 

1827. OI the su April 26th. morn. Eur. n.e. Asia, 
N. cent. 49 (81) 84* an. Of the moon partial, May 
11th. morn. 11 1 - dig. Of the moon partial, 
November 3d. 5 afl. 10 dig. 

1828. Of the sun, Ajinl I4ih. 9J morn, small part of Eur. 
s.E. Afr. Asia, cent. 2 s. (18) 29-26. Of the sun^ 
October 9ih.t)| morn. Asia s.i . cent. 7 * an. 

Of the moon jiartial, March 2()th. 2 aft. 4 dig. Of 
the moon partial, Sv ptcmhei 13th. 7 morn. 5| dig. 
Of tlic smi, September 28tli 2] morn. Asia, E. 
cent. 5<i — 40 an, 

1830. Oi the sun, tehrnar> 23vl. G morn. Asia, n. dim. 
from w. to L. Of ihe moon total, March 9th, 2 
aft. Of the moon total, Se|)tember 2 1, I l aft. cent. 

1831. Of ibc moon paitial, February 26tb. 5 aft. 8 dig. 
Of the moon [lainal, August 23J. 10| nioni. G dig, 

1882. Of the sun, July 27ili. 2^ aft. Eur. s. Afr. Asia, 
s.E. com, 23 >.3 s.tot. 

1833. ()t the moon jiartial, January Gth. 8 morn. 5J. dig. 
Of tile moon partial, July 2d. I morn. lOj dig. Of 
the sun, July lT*‘li. 7 morn. Eut. Ah', i.. Asia N. 
cent. 83 (80) 73 tot. Of ilic moon total, iJocember 
26ib. 10 aft. 

1834. Of the moon total, June 2ist. 8i morn. Of the 
moon partial, December 16th. 5^- morn. 8 dig. 

1S35. Of the sun, May 27th. l\ afr. small part of Eur. 
Air. Asia, s.w. cent. 7-8—3 s. an. Of the moon 
partial, June 10th. 11 aft. O.J dig. Of the sun, 
November 20th. 1 1 morn, small part of Eur. &,w. 
Afr* ^mall part of Asia, s.w. cent. 4 (1 1 s.) * tot. 
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18364 Of the moon partial, May«ilst. SJ morfl. dig. 
Of the sun, May 1 5th. 2*- aft. Eur. 7\fi*. Ai^ia, w, 
cent, 53 “54 -44 an. Of the ipoon partial, Oc- 
tober 24th. 1 J alt. 1 1 

1837. Of the moon total, April 20th. 9 aft. Of the sun, 
May 4tii. 7i aft. small part ol Eur. N. great part 
of Asia, N. K. Of the moon total, October 1 3th. 
lU aft. 

1838. Of the moon partial, April lOth. 2} mom. 7 dig. 
Of the DKxm parted, OctoV r 33. 3 aft. OJ dig. 

1839. Ot the sim March 15th. .4 aft. Enr. s. Afr. 
Asia, s. w. cent. 17 - 2G tor. Of llie sun, 'Septem- 
ber 7th 10,' aft. extrem. ol /\sia, E. cent. 37* arj* 

1840. Of the moon ]»artial, February l7th. 2 alt. 4J^ dig. 
Of the sun, March 4th. 4 morn. tent. 16 (37) 48. 
Of the moon partial, August I'illi. 7^ morn. 7i dig, 

1841. 'Of the moon total, Febidarv 6th. 2} mom. 01 the 

sun, Fcliruary 21si. LI mom. almost all Enr. n. 
Asia, N.w. tlim from w. to v.. Of the sun, July 
18ih. 2 alt. great part ol Eur. n e. Asia, k.w, incr, 
from vv.to l. Of the, moon total, August 2J. 10 
morn. 

1842. Of tlie moon partial, January 26t!i. 6 aft. Q dig. 
Of the sun, July 8th, ^ morn. Ear. Afr, Asia, cent 
35-50 ( 49 ) 21 tot. Of the moon partial, July 
22d. 1 1 morn. 3 dig, 

1843. Of the moon partial, June 12th. 8 morn, pen. Of 
the moon partial, December 7th. OJ morn. 2-^ dig. 
Of the sun, December 2lsU 5f morn. Asia, cent. 
25 (8) 21 tot. 

1844. Of the moon total. May 3lst. aft. Of the 
, moon total, November 25th. 0|- morn. 

1815, Of the sun. May 6tij. lOf morn, almost all Eur. 
N.w. Asia, N.w. cent. 90 (98) t an. Of the moon 
total, May 2 1st, 4f: aft, 12f dig. Of tlie moon 
partial, November 14th. I morn, lOJ dig. 
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Of the sun^^April 25th. 5^ aft. Eur. and Afr. w, 
cent. 28 —26. Of the sun, October 20th. Si* morn. 
Eur. 5).w. Afr. Asia, s. w. cent. (18 s.) an. 

1847. Of the moon partuil, Maich 3 1st. Of aft. Qj. dig. 
Of the sun, Scjjteniber 24tli. 3 aft. 4| dig. Oftlm 
sun, October S)tli. 9j mom. Eui. Afr. Amu, cent. 
53(31) 16-17 an. 

1848. Of the moon total, March 19th. 9^ aft. Of the 
moon total, September 13th. 6f mom. Of the 
sun, St‘ptembei 27ih. 10 mom. Kui. N.E. Asia, N. 

1819. Of the sun, Febmuiy 2:hl. If mom. Asia, E. cent. 

31—23 — 32 an. ()t the moon jiarlial, March 9tli. 

, 1 morn. 3f dig. Of the moon partial, Sejitcmbcr 

2(1. 5 f dll. 7. dig. 

1850. Of tiu^ sun, Felimai} 12th. G[ morn Asia, s,h, 
cent. * (11 s.) 17 N. an. Of the sun, August 7lli. 
10 alt. cvtiein. ol Anui, r. c('nt. 14 tot. 

1851. Of the moon paiiiul, Jaimaiy llth. 5 idi. 5J dig. 
Of the moon paitial, Jnl\ 13ih. 7f nx.m. 8f dig. 
Of the sun, Jul} 28ih. 2f aft. Eur. Afr. Asia, w. 
cent. 70— 39 tot. 

1852. Of the moon total, Jannary 7th. ^>l morn. Of 
the moon total, July 1st. 3^ aft. Ol the sun, De- 

. cember 11th. 4 morn. Asia, E. cent, 59 (,36) 35 tot. 

Of the moon partial, Decembi r 26th. 1 alt. 8 dig. 

1853. Of the moon ])aitia), June 21st. 6 mom, 2^ dig. 

1854. Of the moon partial, May 12th. 4 aft. 3 dig. Of 
the moon partial, November 4 th. 9f aft. I dig. 

1855. Of the moon total, May 2d. 4f morn. Of the sun, 
May 16th. 2f mom. great part of Asia, n. dim. 
from w. to E. Of the moon total, (Jetuber 25th. 
8 morn. 

1856. Of the moon partial, April 20tli. morn. 83 dig. 
Of thesun, September 29tfi. 4 morn. Asia, n. cent. 
84 (67) 66 an. 01 the moon partial, October 13th, 
11^ aft, lit ^*6- 
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1857. Of tlie sun, September morn. Eur. and 

Afr. R. Asia, s. cent. 40 (112) fa s. an. 

1838. Of the moon partial, February 'i7th. 10^ aft. 4f dig. 
Of the sun, Maicli 15th. 0^ aft. Ear. Afr. Asia, w. 
cent. (40) 68. Of the moon partial, August 24tb. 

aft. 5^ dig. 

1839. Of the moon total, Febrnai) 17th. 11 morn. Of 
the sun, .lulv 29th. 9\ aft. small, Asia, n.k. Of the 
moon total, August 13th. 4] alt. 

18()0. Of the moon partial, FL*l)Mi<n \ 7lli. 2 1 morn. 9.J 
dig. Of the sun, July IStl. ’ aft. Fair. Afr. Asia, 
IV. cent. U) tot. Of tht moon partial, August 
Isl. 5'i aft. dig. 

1861. 01 tlic SUM, January lltii. 1*’ morn, small, Asia,' 
s.M'. Of the sun, July v^ili. 2 moi n. Asia, s.r. cent. 

^ 9 an. Of the moon partial, December 17th. 8|, 
uu)rn, 2 dig. ()l the sun, Dei'ember 31st. 2). aft. 
all Imii. Afr, <cni 17 — 30 tet 

1862. Of the moon toi<d,June I2lh. mom. Of the 
moon total, Dect-mbm Oih 8 luorn. ()l the sun, 
Dectiinbcr 21st. 5J, mom. great jiaitof Asia, \. 

1863. Of the siin, May I7ih. 3 .J't. gicat |)art of Fur. n. 

Of the moon tot.d, June 2d 0 mom. Of the moon 
partial, November 23ih. 9 morn. 1 1 dig. > 

1864. Of the sun, I\Tay bth 0^ morn. Asia, s.k. cent. 6 
-2J. 

1805. Of the moon partial, Aprd luh. 5 morn. 1^ dig. 
Of the moon paitud, Oetober 4th. 11 aft. 3j dig, ^ 
Of the sun, Octv^ber l9th. 5 aft. extrem. of Eur. 
and of Afr. v\ . cent, lo an. 

1866. Of the sun, Maieh IGth. 10 aft. small, Asia, n.e* 
Of the moon total, March 3 1st. 3 morn. Of the 
moon total, September 24th. 2 A aft. Of the surr, 
Oetobei 8th. 5^ aft. Em. av. dim. from n, to s. 

1867. Of the sun, March Glh. 10 morn. Eur* Afr. Asia, 
cent. 31 (15) C)9 an. Of the moon partial, March 
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iZOtli* J) dii^. Of the moon partial, Septerw^ 

ber l4t(t. 1 iiicirn. H 

1863. Of tbt? svui, lH*l>iuary 23d. 2\ aft. Fur, s. Afr. 
Asia, s.w. cent. 9 — 21. au. Of tlio sim, August 
18th. morn. Kur. s.e. Afi. A^ia, s. cent. 14— 18 
(11)0 tot. 

1869. Of tlie moon paituil, January 2Hili. 1], morn. 
dig*. Of the moon partial, July 23ci. 2 aft. nj dig. 
Of the sun, August 'Itli. 10 aft. Asia, ^.L. cent. 46 
tot. 

1870. 01 tlie moon total, January iTtli. 3 ait. Of the 
moon total, July 12th. il ail. 01 the sun, 
temlxr 22(1. 0’ all. Ian. All. Asm, ctmt. (3()) 
49 tot. 

1871. Of tljc moon partial, Jaiinaiy ^ih. [)] aft. 8 dig. 
Of the sun, June l<sih. 2j mom. Asia, .s.r:. small. 
Of the moon paitial, JuK 2(i, O aft. 1 dig. Of 
the sun, Decomhu 12ih. i; morn. Asia, s. cent, 
17 ‘ tot. 

1872. Oi the moon partial, 1 \ J2<J. 11^ aft. Ji dig. ()f 

the .till, June* morn Asia, cent, 8 (42)43 

.m, or the nnxiu paiiial, Nownuben inth. 51' morn. 

dig. 

1873. Of the moijii tutrJ, May i2tti. Ill mom. Of the 

sun. May 2tuli. mom. gieai piat of liur. n.vv. 
Afr. w. Asm, n. dim liom u. to i>. < )f the moon 

total, November 4tli. 4* air. 

>^1874. Of the moon paitial, May Jst, 4^ aft. 94 dig. Of 
llie sun, OcIoIk'! lOtli. 11^ mom. Kur. Air. Asia, 
\\\ r(mt. 82 (71) 55 an. Of the moon partial, Octo- 
ber 2,;th. 8 morn. 12 dig. 

1S75. Of the sun, y\pid 0th. 7 morn. Asia, s.ii. cent. * 
(1)21 tot. Of the sun, September 29th. aft. 
.small part of Kur. s.w. Afi . Asia, s.av. cent. 13 (10) 
13 js. am 
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1876- Of the moon partial, March 6 J morn. 3J dig. 

Of the moon parti^lf Septemw^Sd. 9^ aft- 4 dig, 

1877. Of the moon total, February 27tb. 7i aft. Of the 
sun, Miirrh l.'Jth. 3 morn, great part of Asia, n. 
dim. from ^v, to e. Of tiie sun, August 9th, 5 
morn, A>i.i, N.n. small. Of the moon total, August 
2:3d. 1 1 J aft, almost cent. 

1878. Of the moon partial, February 17th. llj morn. 9J 
dig. ()( the sun July 29tli. 9^ aft. e\trem. of Asia, 

E. cent. 62 tot. Of the moon partial, August 13th 
Ol morn. 6 1 dig. 

>879. Ot the snn, January 22d. uierid. small, A^a, s.w. 
cent, 7 an. Ot the sni, July I9th. 9 motfii. 
Kur. s. Air. Asia, s.\\. cent. .S— IG (12) * an. Of 
the moon partial, December 28th. 4i> aft, 1-J- dig. 

1880. Ot tlie sun, January llth. 11 aft. Asia, e. cent. 16 
tot. Ot the moon total, June 22(J, 2 alt. 12] dig. 
01 the moon total, December linh. 4 aft. Of the 
sun, December 31st. 2 alt. Eiir. Afi. dim. from n. 
to s, 

1831. Ot the sun, May 28th. 0 morn. Asia, n. dim. from 
w. to E. Of the moon total, June 12th. morn. 
Ot tile moon partial, December 5tli. aft. 11 J 
dig. 

1882. Of the sun, May 17th, 8 morn. Eur. s.e. Afr. Asia, 

cent, 10 (38) 42—26 tot. Of the sun, November 
1 1 th. 0 morn. s.e. cent, 2 * an. 

1883. Of the moon partial, April 22d. merid. 0} dig. Ofr. 
the moon paitial, October Ibth, 7J morn. 3 dig; ' 
Of the sun, October 31sU Oj morn. Asia, E. cent. 
46 an, 

1814* Of the sun, March 27th. 6 morn, small, great part 
'v ot Eur. N.E. dim. in Asia, from w. to e. Of the 
moon total, April JO mend. Of the moon total, 
October 4tb. icj aft. Of the sun, October 19th. 

1 morn, Asia, n. 
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\$S5. Of the moip^jartial^ March SOtli. 5 aft, 10 dip. Of 
the moon Septeihber 24tli. 8J morn. 9 dip. 

1886. Of the sun, August 29th. I J aft. extrem. of Ear. 
s.w. Afr. cent, b (4) * tot. 

1887. Of the moon partial, Febnuiry 8tli. lOj morn. 
dig. Of the moon partial, Aug. Jid. 9 aft. 5 dig. 
Of the sun, Aug. 19th. 6 morn. Eur. iind Afr. e. 
Abia, cent. 54 — 62 (54) 29 tot. 

1883. Of the moon total, January 28rli. Hi afr. Of the 
moon total, July 21id. f> mom. almost cent. 

1889. OI the moon partial, January 17th. 5^ morn. 
dig. Of the moon parti.il, July 12t!i. 9 aft. 5^ dfg. 
OI tiic sun, DectMuber 22d. 1 aft. Amu, b.vv. cent. 
* 5 tot. 

1890. Of the rnooii partial, June 3d. O' morn. OJ dig. Of 
the sun, June l7th. lO morn. Eur. Air. Asirx, cent. 
25 (38) 19 an. Of the moon partial, November 
2()tli. 2 Tift . 0^ dig, 

189J. Of the moon total, May 23d. 7 aft. Of the sun, 
June Gill. 4\ aft, great part ol Kur. N.ccnt. f. Of 
the moon total, November lOtli. 01 inx>rn. 

1892. Of tlie moon partial, May lllli. 1 1 ,> aft. Ilf dig. 
Of the moon total, Novembei 4th. .ift 12^ dig. 

1893. Of the sun, April loth. 3 alt. Eur. s. Afr. cent, 20-^ 

' 1 8 tot. 

1894. Of the moon partial, March 21 st. 2] aft. 3 dig. Of 
the sun, April 6ih. 4i mom. Eur. is.E. Asia, cent. 

^ 10(43)8. Of the moon partial, September lAth 

^ 47 morn. 2 J dig. Of the sun, September 29th. 5i 

morn. Afr. e. small. 

1895. Of the moon total, March 11.4 mom. Of the sun, 
March 26th. 10 morn, almost all Eur, n.w. Asia, n. 
dim. from w. to e. Of the sun, Aiigu:>t SOtli. Oj 
aft. Asia, N. small. Of the moon total, September 
4tb. 6 morn. 

1806. Of the moon partial, February 28tb. 8 Aft, 10 dig. 
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Of the sun, Au^rust 9tl), 4 1 moir^jtur. e* Asia, cent. 
CO -08 (A9) 49 tot.. Of the partial, August 
2Stl. 7 morn. 8 dig. 

1897. No ccljpbc. 

1898. Of the moon partial, Jamiary Sth. OJ morn. 11 dig. 
Of the sun, Januarv «2d. 8 morn. Kur. e. Afr. e. 
all Asia, 11—6 (10) 44 tot. Of the moon 
partial, July 3il, 9} aft. ] I dig. Of the moon total, 

, December 21111 . 12 alt. 

1899. Of the sun, January 1 1th. 11 aft. extrcm, of Asia, 

E. dim. Iioin N. to s. Oi ne sun, June Sth. 7 
morn. Fair w. an<l n. Asia, n. Of the moon total, 
June 28(1. 2\ alt. Of the uioon partial, DeeenibeC 
17th- 1 A morn. 1 I k dig. 

1900. Of the sun, May 28th. 8^ aft. Fur. Air. rent. 45 — 26 
tot. Of the moon partial, June I3ih. 4 morn, pen* 
-p. Of the sun, Nijvember 22 J. 8 morn, small 
eclipse, m Air. cent. ^ s. an. 

J’UOBLl.M XVTIl. 

To ob^scrve an Ellipse of the Moon. 

To observe an eclipse ol the moon, m such a manner as 
to be iisofiil to geography and astronomy, it will hr 
necessary, in the first pLice, to have a clock or watch that^!^^ 
indicates seconds, and winch v on are certain is so well 
constuicled as to go m a uniform maimer, it ought to be 
regulated some days before by means of a meridian, if you 
have one traced out, or by some of the methods employe^!^ 
for that purpose by astronomers; and you must ascertaiih'^'" 
how' much it goes fast or slow in 24 hours ; that the differ- 
ence may be taken into account at the time of the obser- 
vation. 

YQii»*ought to be piovided also with a refracting or re-k 
fleeting telescope, some feet in length; lor the longer it isy 
the more certain you will be of discerning exactly the 
moment of the phases of the eclipse ; and, if you are desii*- 
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oQs of observing quantity of the eclipse, it should be 
furnished with a micrometer. 

When you fuid the moment of the eclipse approaching, 
which miiy be always known either by a common Almanac, 
or the Epherncrules publisln^tl by the astronomers in diflFer- 
ent parts of Europe, you must caicfully remark the instant 
when the shadow of the earth touched the moon's disk* It 
is necessary here to mention, that there will ahvays be 
some uncertainty on account of the penumbra; because 
It is not a thick black shadow winch covers thd niooti’s 
disk, but an imperfect one, that tlncken'- by dc irrces. This 
arises from the sun’s disk bennjr ^railiiallv occulted from 
the moon ; and hence it is difficult to i\\ with exactness 
the real limits of the sliadow, and tlii‘ |)(‘nurnl)ia. Here, 
as in many other oases, observers an* enabled by habit to 
distinguish this boundarv, or aie at least prevented from 
falling into any great cri or. 

When you are cerr«un tbvit tin* ica) shadow has touched 
the moon’s disk, tlu* time must be noted dowi ; tb.it is to 
say, the hour, luinute, and second, at wimh it happened. 

In this manner you must follow the sh.idow on the 
moon's disk, and remark at what hour, nnniue, and second 
the shadow reaches the most urnark.ible spots* all this 
tiketvise must be noted down 

If the eclipse is not total, tin* shadow, after having 
covered part of the lunar di'.k, will d release. You must 
therefore observe in like manner the moment viiien the 
.vS^adow leaves the different spcjts ii hetore covered, and 
'the time when the disk ut the moon cea>es to be touched 
by the shadow, winch will be the end oi the eclipse. 

If the eclipse is total, so that the nioiurs disk remains 
some time in the shadow, you mu'-t note doaii the lime 
when It IS totally eclipsed, as wnd) as tiiat when it'Hiegius 
to be illuminated, and the moment wlicn the shadow leaved 
the different spots. ** 

When this is done, if the tune of the commenidemeut of 
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the eclipse be subtracted from that , 9 f the ei>d, the re- 
mainder will be its duration ; and if hal^ the duration be 
added to the time of conunencemcut, the* result will be the 
middle. 

To facilitate these operations, astronomers have given 
certain names to most ot the spots with which the moon’s 
di&k is covered. The usual denominations are those of 
Langrenus, wd\o disimginslicd the greater part of them by 
the names pf astronoiueis and plnlosophers wdio were Ins 
coiitemporanes, or wtio had floui 'od before his time. 
Some others lia\e been since added ; Out there >vas no room 
for the most celebrated oi the moderns, such as llujgens, 
Descartes, Neuion, and (’assini. ilevelm-., iai more ju- 
dicious in our opiiiM/n, gave to these spots names taken 
from the most r(‘matkable plviecs ol the eailh : m this man- 
ner he calls the highest monnt4nti of the moon, mount 
Sinai, &c. This houevei is a inattei <>f nKlilFeienco, pro- 
vided tliere be no confusion. \W have licie subjoined a 
reprcsent.it ion of the moon, pL t, l>\ means of which and 
the following catidogLie the\ can be e.isily known, on com- 
paring tlic numbers in the lattei wnth tliose in the former. 


1 Grimaldi 

13 

Eratosllu ik’n 

2 Gallileo 

\G 

Timochans 

3 Aristarchus 

\1 

Plato 

4 Kepler 

IB 

Aiciiimedes 

5 Gassendi 

IB 

Ide of the middle Bay 

G Sclukard 

<10 

P.i tarns 

7 Harpalus 

1 \ 

Tvcho 

8 Hcrachdes 

> 

1 udoxus 

9 Lansberg 


^Vl ist Ol jc 

iO Rcinhold 


Mauihus 

21 

iij 

Meiielaus 

12 flelicoii 

26 

Hermes 

13 Capuanus 

21 

Posidonius 


28 

Dionvsiu.s 
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59 Pliny 

30 Catharina, Cy)p|ilus, 
Theophilus 
SI Fracasitorius 

32 The acute promontory 

33 Messala 

34? Promontory of dreams 

A Sea of humour® 

B Sea of clouds 
C Sea of ram 
1) Sea of nectar 


35 Proclus 
56 Cleomedes 
31 Snell and Furner 

38 Petau 

39 Langren 

40 Tarunt 

K Sea of tranquillity 
F Sea of serenity 
G Sea of fecundity 
11 Sea of crisCb. 


l*ROBLFM XT\ . 

To ob^tne an Eeltpse oj' the Sun. 

1st, The same piecautions, in regard to tlie measuring 
of tune, must he eniiiloyed in tins < ase, as in thal of lunar 
eclip'*es; that i^ to say, taie must be taken to regulate a 
good clock by the sun on the day belun^, or even on the 
day of the eclit)se. 

2d. A good telescope must be provid(*d, of at least three 
or four feet iii lengtli; whieb must be diri'Cl' J towaids the 
sun on a convenient supporter. If you are then desirous 
to look at the sun without tlie telescope, you must employ 
' a piece of smoked glass or rathei 'two pieces, ihe smoked 
sides of which are turned towards eac li oiiK^r ; but are 
prevented from corning into contact by rm-ans of a small 
id$ap)nagm cni from a card placed biMwi'cn them. 'Vhese 
jtWO bits ot glass may Le tlicn cemented at the edges, so as 
to make them adliere. By means of tln‘se glasses inter- 
posed between tin, eye and the telescope, you may then 
view the sun Avithont any danger to the sight. 

About the time wlicn the eclipse ouglit to corqpience, 
you must carefully observe the moment when the solar 
disk begins to be touched by tlie disk ol the tiioon : this 
period will be the commencement of the eclipse^ K there 
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are Ray spots on the solar disk, you must observe the time 
whert' the irioon^s disk reaches them, and also when it again 
ll^rmits them to appear ; in the last place, you must ob- 
serve^ with all possible attention, the instant when the 
moon’s disk ceases to touch the solar disk, which will be 
the end of the eclipse. 

^ But if, instead oC observing in this manner, you are de- 
to make an otfscrvation siisccjitible of being seen by 
a gr^at number of persons at the same tune, affix to your 
tetecope, the side of the eye-^lass, nn apparatus to 
Sttppbct a piece of very straight p.i • band at tlic distance 
of some feet. Tliis pasle-boaid oi ght to be pcrpcntlicular 
to the axis of the telescope, and, if it be not sufficiently 
white, you must paste to it a sheet of hile [laper. Make 
the end of the telescope, which contains the object glass, 
to pass through the wnulow-shutler of a daikcned room, 

(U one rendered considerably obscure ; and it the axis of 
the telescope bo directed to the .sun, tlu' im.ige of that 
luminary wdl bo painted on tlie papci, and of a larger 
sii^e according as the paper is at a gie.Uci tlistanee. It is 
necessary here to lemaik, that before yon begin to observe, 
a circle of a convenient size nuist be delinealed on it, so, 
that, by moving it neater to oi faither (loni the telescope, 
the image of the sun mav be exatth conipieheniled 
it. The space contained witlnn tins cm-ie must be divul'TOv*'^ 
by twelve otliei concentnc circles, n-ually distant trom 
each (»th('r, so that the diameter of the largest may be di- 
vided into 24 equal parts, each of which will i epi esO®et 
scmidigit, 

It may now bo i caddy conceived, iliat if a little before' ' 
the comment ement ot the eclipse you look with attention 

the image of tlie sun, you will sec the moment when it 
"bog iu^o be ob^K'Uiod bv the entrance of the moon’s body; 
ani tfiut yon may in like manner obseivo the end of it, 
and also its extent. 

however be cxjicctcd that the same ex|ict- 
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ness* can be attained by employing this method, as fiy the 
former; especially if yon arc turnished with a long tele- 
scope, and a good micrometer. 

Rem AUKS.— There arc partial eclipses of the snnj'that 
is, eclipses in which only a part of the solar disk seems to 
be covered, and these are most common. Others are total 
and annular. 

Total eclipses take place when the centre of thc^mijS&n 
passes over that ol the sun, or nearly so; anij whctj the 
apparent diameter of the moon is equal to that of thestm^ 
or greater. In the latter case, the total eclipse may be 
what IS called cuyn mora; that is to say, vMth duration of 
darkness: oi this kind waa the fjitnious eclipse of 1706. 

During eclipses nhich are total and cum mora^ so great 
darknes's prevails, tliat the stars arc seen in the same man- 
ner as at night, and particnlaily Meicuiy and Wunis. Hut 
whal cxcitesasort of terror, is the dianal appearance which 
all nature assumes during the last moments of the light., 
Animals struck with fear, retire therefore to their habita- 
tions, sending foith loud rnes; the notturnal birds is^ue 
from their lioles; the flowers contract tlicir leaves; acokU 
ness is felt, and the dew falls ; but as soon as the moon has 
jsirifered a few rays of the solar light to escape, all is again 
^t||^mination ; day instantly returns and with more bright- 
ness than when the weather cloudy. 

Some eclipses, as already *7aid, arc really annular: they 
place when the eclipse is very near being central, 
the apparent diameter of Hie moon U less than that 
sun ; which may be the case if tiie moon at the time 
CM the eclipse is at her greatest distance from tlic earth, 
arid the sun at his nearest distance to it. The eclipse of i 
the sun on the 1st of April 17^4 was of this kind to^^art*^ 
of Europe. ^ ^ ^’1 ; 

Daring eclipses of this kind, when the sun is entirely 
eclipsed, a luminous circle of a silver colour, aud^^b^wl 
tfee 12th part of the diameter of tlic sgn or moon, ip 
VOL. III. 5? 
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ofton observed around the former ; it iseffared as soon as 
the smallest part of the sun bep^ins to s>hine; it appears 
ittore hvi ly towards the sun’s limb, and decreases inbnl- 
hancy the larther it is distant. Some arc inclined to be- 
lieve tliat tins circle is formed bv the luminous atmosphere 
with winch the sum is suiKuinded , othcis have conjectured 
that It IS prodiicet^^hy the rtlraction of his rays in the 
atiposphere of the moon , and some have ascribed it to the 
diffraction ot the Inrht. Those uho aie desnoiis of farther 
information on this sub|ect, may nisult tfie Memoirs of 
the Academy of Sciences, (oi the .ears 171 5 and 174b. 

rROllLFM x\. 

To vieasuu the Hught of Mountain^. 

I’he hci|i;ht of a mountain may he measun d by the com* 
mon rulc» ol ^eometic loi if we suppose esD (plate 5 
fit^. 9) to be a mountain, tlie perpendicular height ol w hich 
IS required, the following iiuthod ( an ’bt employed. If 
the nature ol the adjacent ground will admit, measuioa 
hoiizontdl line ab, in the same vertu il plane as the simiaut 
s of the mountain, TliegieaUi thecxti rit ot tins line, the 
more correct will be the result. At ilic t w u stations -v and 
B, measure the angles s \E and siit , w hich an the apparent, 
heights of the suniiiiit s, aboie ih(* horizon, when 
from A and b. It will tlicn be easy, b\ means of plane^ 
trigonometi j , to find, in the right-angled tiiangle^EA, the 
side RA, as will as the pt rpendicular si , or the 
of the summit s above ae coiitiiuied. 

Now let us suppose the vertical line sm to be dilMi'^ 
intcisccting BE in f. As, in dimensions of this kind, tll6 ^ 
^ angle Esr, formed by the %ertical line and the perpendU 
^i^cular SE, will for the most pait be exceedingly small, aod 
fUM^^Wjiielow one degree, the lines se and st may be con- 
sidered as equdl^. On the othei hand, the line fh, com- 

* l4r4]|ieh la Uic uise of this anjle being a degree, they would not duSbr 
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^r^hendcd between the hne ae and the spherical stirface 
Ca, is evidently the quantity by which the real level is 
lower than the apjiarcnt level, in an extent such as aF, &r 
more correctly in a mean length between af and bF: for 
this reason take the mean length between ae and be, which 
differ very little from av and ur; and in the table of dif- 
ferences [)etween tlic apparent and 'iJ'eal levels, find the 
height corresponding to tiiat mean distance : if this height 
be then added to the height se or sr, already found, you 
will have sn for the corrected iKophl ot the tnouiUdin, 
above the spherical surface, wiiere the points A and b are 
situated. 

If It be known how ninch this surface is higher than the 
level of tlie sea, it will be known also how much the suru*^ 
mit s of the mountain is elevated above the saine level. 


Amiher Method, 

As it may be difficult to establish a lioiizontal line, so as 
to be in the same vertical plane w ith the summit of the 
mountain, it wmII perhaps be better to proceed in the fol- 
lowing manner : 

Trace out your base in the most convenient manner, so 
to be horizontal: we shall here suppose that it is repre- 
'^Ifehted by rt6(pl. 5 fig. 10); let s . be the jierpendicular 
from ihe summit ^ to the horizontal plane passing through 
ab; and let c be the point where tins plane is met by the 
,^^gje:ndieular ; if the lines ac and be be diawn to that 
^ we shall have the triangles sac and sbcy right- 
il at c, and the angles ^ac and sbt may be found by 
measuring, from the points a and ft, the apparent height 
of the mountain above the horizon: the angles .vtfiandj? 
sba, in the triangle asb, must also be measured;^ 

Now, since in the triangle sab^ the ang^|»^ sab awof it 


ft ten thousftn<lth part, which would suppose the distanct of 
from the mountaia to be more than lOCOC'O jnU’d') "i 

Hi 
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are known, and also the side nb; any one of the Other 
sides, such for example as sa^ may be easily determined 
plane trigonometry. In ilie triangle nc 9, rightk-angled 
at r, as the angle Aar is known, the side ar and the pcr^ 
pendicular ac may bv found in the same manner. When 
this IS done, the method pointed emt in the prectding 
operation must be c^iployed : that is, find the depression 
of the real level below the apjiarent level for the number 
of feet or yards comprehended in the line ac^ and add it 
to the height sc : the sum will be he height of the point 
5, above the real level of the pom ' a and A. 

ExaynpJe , — Ixt tlie lionzonul length ab he 2000 yards, 
or €000 lect; the angle sab 80 30'; and the angle sba 
85* 10'; conhexiviently the angle bsa wil) be 20^ By 
means of these data, the side sa of the tnangic asb will 
be found to be 8050 yaKk. On the other hand, if we sup- 
pose the angle sac to have been measured, and to be 18®, 
the side ac mil he found, by trigonometrical calculiition, 
to be 765€ yards ; and sc, perpendicular to the horizontal 
plane passing through a A, will be tound equal to 2488. 
Wow, as thedepre^'Sion of the real level below the apparent 
level at the (iistance^jtrfilRO.'ie vard^, is 124- feet, or 4 yards 
6 inches*, if this quantity be added to the height AC, wa^ 
Ahall have 2492 yards 6 inches, for the real height of th(i^ 
mountain. 

Remakk — When either of these methods is employed, 


if the mountain to be measiued is at a considerable dista^j^^^ 
such us 20000 or 40000 >ards, us its summit m 
will be veiy little elevated above the horizon, the 
height must be correcied bv making an allowance for rfei 
Infraction, otherv isc there may be a very considerable error 
^ 'T'lie necessity of this correction may bci 

eaii^P^nceive^ by observing, that the summit c of the 
BC 5 fig. ll), is seen by a ray of light boa. 


* See the table m the additional remark. 
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^hich k not rectilineal, but bent 5 so that the summit c it 
fudged to be in n, according to the direction of the line a JD, 
a tangent to the curve ace, which in the small space Ac 
may be considered as the arc of a circle. The angle OAB 
therefore, of the apparent height of the mountain, exceeds 
the height at which the summit would appear without re- 
fraction, hy the qiiantitv of the angle cad; which must 
be determined. But it will be found that this angle <^An 
is nearly equal to half the relractioii which would belong 
to the apparent height dab. You must ihereforc find, in 
the tables, the refraction conesponding to the tipparent 
Ju'ight DAD of the mountain, and subtract llie half of it 
from that height: the remaiijder will be that of the sum- 
mit of the mountain, such as it w'ould lu* -.een without re- 
fraction. 

Let us suppose, for example, tliat the summit of the 
mountain seen at the distance ol 20000 varcls ajipears to 
be elevated above the horizon 6 degrees; the refraction 
corresponding to 5 degrees is 9 ' 54", the f»aii of which is 
4^ 57'^; if 4 ' 51 ' thorelore be substiacted liom 5", the re- 
mainder will be 4^^ 55 ' 3 " which must be employed a% the 
real elevation ^ 

It may thence he seen, that to proceed w Ith certainty in 
such operations, it w ill be neces'^ary tu make clioice of sta- 
tions at a moderate distance from the mountam; so that 
Its summit may appear to I'e elevated several degrees above 
life horizon; otherwise the difference of the refraction, 
lights very variable near the horizon, will occasion great 
^ifertainty in the measurement. 

^ We shall give hereafter another method for measuring 
the height of mountains, by means of the baroimner j 

* Montucla here employs the common tables of relra^'iionlliif^l^^utical 
ftod astronomical pm poses, sfueb astbar given in Roi^um's vol* 

f.p. In regard to terrestrial refiaclion, and tbe allowaujce made fOl 
it, see the additional remark at the end of this article. 
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in this case it is supposed that it is possible to ascent} ta 
the summit of them. Wc shall also give a table of the 
heights ol the principal mountains of tlie earth abo\e the 
l^vel of the sea. Aye shall here only obsi rve tlut the 
highest mountcuns in the \\orld, at least in that part of it 
■which has hitherto been accessible to sCRMitilic men, are 
situated in the neighbourhood of the equator; and it is 
withjustice that an historian ot Peru savs, that when com- 
pared 'with our Alp* and our Pyrenees, they are like the 
towers and steeples of the cluiixhes n our cities, compared 
iVith common edifices. Hie^igh c vet known l^ Cfnni- 
borayo in Pern, which rues more tnan 19000 feet in a per- 
pendicular diieiti III above the Icvi I of tlu* sea. 

As all <1)0 known mountains in Europe ate scarcely two- 
thirds of the height of those cnorn ous masses, the lalsity 
of what tlic ancients, an I some of the moJerns, such as 
Kirchcr,luive published rc.'.pceting tlie height ol moiintains, 
will readily appc«ir. According to these authors, yEtna 
4000 geometneal paces in heig.ht ; the monntaiiu oj Nor- 
W'ay 6000 , Mount Hcemu-. and the Peak ol Tencrtflf inOOO^ 
Mount Atlas and the Mountains of the Moon in Africa 
15000; Mount At hos1|P<^0 ; Mount Cassius 28000. It is 
asserted that tb(*se Ifeights were found by means of their 
shadows; but nothing is more destitute of truth, and if 
ever any ob:.civcr ascends 'to the vsummit of these moun- 
tains, or measures their height geometncallv, they will be 
found very inferior to the mountains of Peru, as is 
case with the Peak of Tenenff, which when mcasur)|^ 
geomelrieally by Father Feinlle w'as found not to 
6600 feet. 

, Hence it appears that tlie elevation of the highest niouir- 
' ^iis is verj little, wlieii compared with the diameter of 
the a1?d that its regular form is not sensibly altered 
*by tWOT ; for the mean diameter of the earth is about 
795/|; ^^es; therefore if we suppose the height of i 
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moumain to be 3f miles, it will be only the 2273^ part 
of the diameter of the earth, which is les!j than the eleva* 
tion of halt a hue on a globe six (cet in (lianiet(?r. 

Additional klmakk. — As Montiichi lus not hero ex- 
plained the method ot finding the dilfi reuee between the 
apparent and true level, we think it necessary to add 
observations on the subject. Two^gr more places are said 
to be on a true level, when they aic equally distant from 
the centre of the eaiih. One place also is higher than an* 
other, or out of level with it, when it laitlu i Irom the 
centre of the eartli ; and a hue ecjiially distant from that 
centre in all its paits, is called the line of true lt\eL llenct, 
because the earlli is round, that line must be a cuive, or^ 
at least paiallel oi cuncentne to ii. Jhit the line oi sndit^ 
given by operations oi levelling, winch is a tangent, oi a 
right line perpendieulai to the seini diaineter of the e.irib 
at the point of coniatl, aluavs using highei above the 
true curve line of level, the laiiiiei* tiie disianee, is called 
the apparent line of level , and the did rence between the 
line of true level and tlie apparent, is always equal to the 
excess of the secant ol the arch ol distance above the radius 
of the earth. Hence it wnll be that Mns difference 

is equal to ine stjuaie of tlic disianr« beiwei n the jilaccs, 
^divided by the diameter of llie earili, and consequently it 
‘ is always proportional to tlie squ»Je oi the distanee. 

Fiom these principles is obtained tlic: lobowing table. 


^fneh shows the height of the apparent above the true 
for every 100 yaidsof distant e on the one liaud, 
Si^for every mile on the otlicr 


common methods levelling are sufficient for lay- 
ing pavements of walks, or for conveying water to small 
distances, &c; but in more extensive operations, as 


levelling the bottoms of long canals, w h.cii am 

water to the distance of many miles, such iljp; the,^ 


difference between the true and ap[)arent level must be 
takeo into account. 
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bllit. 

Difi. of Lexf I 


Dihf. 

Diff. of Lfvel 

Yctrds. 

luchtb. 


Mil^s. 

t. 

Inches. 

100 

0 02fi 


' ^ 

0 

o| 

2<»0 

0*!03 


i 

0 

2 

liOO 

0*231 


i 

0 

4J 

400 

0-411 


1 

0 

8 

500 

0-645'; 


2 

2 

« 

600 

0-925 


3 

6 

0 

700 

1-260 


4 

10 

7 

800 

1-645 


5 

16 

7 

900 

2-081 


3 

23 

11 

1000 ! 

2-570 


7 ; 


6 

1100 

3-110 


8 

42 

6 

1200 

3’7()1 


0 

.,3 

9 

1300 

4*344 


10 

66 

4 

1400 

5-0 58 


1 1 

80 

3 

1500 

5-784 


12 

95 

7 

1600 

6-5 SO 


13 

1 12 

2 

1700 

7*42 3 


H 

IMO 

I 


By means of these tables of reil notions, the liifference be- 
tween the (rue and apparent level can be found by one 
operation; whereas the ancients were obliged to employ a 
great many; for being unaecpnunted with the correction 
answering to any di^Crilbe, they levelled only from one 20 
yards to another, as they had occasion to continue the', 
work to some considerable extent. ' 

These tables will answer several useful purposes: First, 
to find the height oi the apparent level above the true, 
any distance. If the given distance be contained 
table, the correction of the level will be found in the 
line with It. For example, at the distance of 1000 yaS^^ 
the correction is 2’ 51, or nearly two inches and a half 5 
. at the distance of ten miles, it is 66 feet 4 inches. Bot 
"if the exact distance be not found in the table, multiply 
the of t)M distance in yards by 2*57, and divido fiy 

lOOOOOO, or cut off six places on the right for decimahfi 
the be inches; or multiply the square of the 

distance in miles by 66 feet 4 inches, and divide by 100. 
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find the extent of the visible horizon, or how far 
can be seen from any given height on a horizontal plan^i 
as at sea, &c. Let us siappose tlie eye of an observer on 
the top of a shi{)’s mast at sea, to be at the height of 130 
feet above the water, it will then see about 14^ miles all 
around ; or from the top of a chlf by the sea side, the 
height of which is 66 feet, a person may see to the distance 
of nearly 10 miles on the surface of the sea. Also, when 
the top of a hilj, or tlie light in a lighl-house, the heiglit 
of which IS ISO feet, first comes mio the view of an eye on 
hoard a ship, the table shows that the* distance of tlwj sinp 
from It is 14 miles, if tlie eye he at the surface of the 
water , but if the licight ol the eye m tlie ship he 80 feet, 
the distance will be increased by nearly II miles, iiidking 
in all about 26 miles, 

3d. Suppose a spring to be on tlu* one side of a hill, and 
a house on an opposite hill, witli a valh'V between them, 
and that the spring s(‘en Irom tin* house appears, by a 
Jevclling instrument, to he on a level ^\lth the foundation 
of the bouse, which wc shall supposij to he at the distance 
of a mile from it: this spring will be 8 inches above the 
true level of the house; and thaf diHerence would he 
barely sufficient lor tlie water to' be brought in pipes 
'Hrom the spring to the house, the pijies being laid all the 


way under ground. 

4th. If the height or distance exceed the limits of this 
tolile: Then first, it the distance be given, divide it by 
{^pty 3, or by 4, See, till the quotient eome within the 
m the table ; then take out the height answering 
quotient, and multiply it by ilie Mjiiare of the 
divisor, that is by 4, or by 9, or by 16, &c, which will 


give the height required. Thus, if the top of a hill 
just seen at the distance of 49 miles ; then 40 divi^ted by 
4^ is 10, and opposite to JO in the tabic Will be fmi^' 66| ^ 


feet, which multiplied by 16, the square of 4, gives 
feet for the height of the lull. But when tl<^ht is 



106 


ASTRONOMY AN1> OBOt|«APHY. 

given, (Jivide it by one of these square numbers, 4^, 18, 
25, file, till the quotient come witlun the limits of the table, 
and multiply the quotient by the square root of the divisor, 
tliat is by 2, or 3, or 4, or 5, &c, for the distance sought. 
Thus, Avhen the top of the peak of Tcncnff, said to be 
about 3 mile^i or 15810 feet high, just comes into view at 
sea, divide 15840 byj?25, or the square of 15, and the 
quotient is 70 nearly, to which in the table corresponds 
by proportion nearly lol miles; which inuhiplicd by 15, 
will give 151 miles and lor the distance of the niniintain. 

In regani to tiie U'rrestrial lefri/ »on, whichin measuring 
heights is to be taken into accouiu also, as it makes objects 
to appear higher than they leajly are, it is estimated bj’^ 
Dr. MaskelMK* at o( the distance observed, expressed 
11 ) d(‘grees of a great tiicle. Thus, 'if the distance be 
10000 fathoms, its lOrli part 1000 tathoms is the OOih part* 
of a degree on thv earth, oi l', whuh is thcrelore the re- 
fi action ol the aliitiide ol the object at that distance. 

Le (nm Ire, however, savs he is iiuluced by several ex- 
periments to allow only ,Vl» part ol the distance for re- 
fraction in altitude. So that on the distance of 10000 
fathoms, the 14tlj part of whieli is 714 fathoms, he allows 
onlv 44 " ol teirostrial refraction, so many being contained 
in the 714 fathoms. 4 

Delambre, an ingenioiir French Astronomer, makes 
quantity of terrestnal refraction to be the 1 1th part of the 
arch of distance. But the Knglisli measurers, Col. I^^? 
Williams, Capt. Mudge, anti Mu D.dby, from a 
of exact observations made by them, determine the 
tfey of refraction to bt' the 12th part of the said distaiifcet^^ 
The quantity of this refraction however is found to vary, 
fwith the different states of the weatlicr and atmosphere, 
from Abe I5tii part of the distance to the 9th part; tbo 
rnedidm of which is the 12th, as above mentioned. 
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PROBLEjM XXI. 

Method of knowng the Constellations, 

To learn to know the heavens, you mubt first provide 
yourself with some good celestial cliart>, or a planisphere 
of such a size, that stars of the first and s(*c()ml magnitude 
can be easily distinguished. At th^ fend of the present 
article we shall point out ^he best works on tins subject. 

Having placed before \i)U one of these charts, tliat con- 
taining the north pole, turn your face towards toe north, 
and first find out the Great Bear, commonly cal leil Charles's 
warn (pL 5 fig. 12). It may be easdy known, as it forms 
one of the most remarkable gronpes m the heavens, con- 
sisting of seven stars of the second magmindt*, four of 
which aie arranged in such a manner as lo represent an 
♦irregular square, and the other three a prok>ngation in the 
form of a very obtuse scalene triangle. Besides, by ex* 
ariimmg the figure of these seven stars, as exhibited in tlic 
chart, you wnil easily distinguish those in the heavens 
which correspond to them. When \ou have made your- 
self acquainted w ith these seven principal stars, examine 
on the chart the configuration of the neighbouring ones, 
which 4>elong to the Grwit Be.ir; ahd you will thence 
^learn to distinguish the other less considerable stars which 
compose that constellation. ' 

After knowing the Great Bear, yon may easily proceed 
tOj.the Lesser Bear; for nothing will be necessary but to 
seen in the annexed figure (pi. 5 fig. 13), a stiaight 
|lni^hfough the two anterior stars of the square of the 
Bear, oi the two tarthest distant fiom the tail: 
hue will pass very near the polar star, a star of the second 
magmtude, and the only one of that size in a pretty large ^ 
apace. At a little distance from il, there are two qthcr 
stars of the second and third magnitude, w b!ch, without 
more of a less size, form a figure, somewhat similar to that 
of the Great Bear, but smaller. Tins is what is erftedithe 
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Lesser Bear ; and you may learn, in the same miiiner as 
before, to distinguish the stars which compose it. 

Now, if a straight line be drawn through those stars of 
tlie Great Bear, nearest to the tail, and through the polar 
star, it will conduct you to a very remarkable group of 
five stars arranged nearly in this form w (pL 5 fig. 14): 
these are the consl^ation of Ca^^siopeia, in which a very 
brilliant new star appeared in 1572 ; though soon after it 
became fainter, and at length disappeared. 

If a line, perpendicular to the . hove line, be next drawn, 
through this constellation, it wni .onduct, on the one side, 
to a very beautilul star called Algenih, which is in the back 
of Perseus; and, on the other, to the constellation of the 
Swan (fig. 1 5), remarkable by a star of the first magnittide. 
Near Perseus is the bnihuut star of the Goat, called Ca- 
pelin, which IS of the first iiKigmtiide, and forms part of 
the constellation of Auriga. 

After this, if a straight line be drawn through the two 
last stars of the tail of the Gicat Bear, you will come to 
the neighbourhood of Arctuius, one of the most brilliant 
stars in the heavens, w^hich forms part of the consteilaiion 
of Bootes (fig. 16), 

In tliis manner you may successively employ 
ledge you have obtained of the stars of one^n.steHatidD|^ 
to enable joii to find TOt the neighbouring ones. /j,We 
sliall not enlarge farther on this method ; fur it may be 
easily conceived, that we cannot proceed in this manner 
tlirough the whole heavens: but any person of 
in the course of a few nights, may learn by these 
^now a gloat part of the heavens ; or at any rate the priii* 
cipal sitars. 

The ancitiills were not acquainted with, or rather did 
not fpsert into their catalogues, more than 1022 fixed stara, 
which thev divided into 48 constellations; bin their nuiD« 
ber IS much greater, even if we confine ourselves to those 
whiq|ir.i:^ t>6 distinguished by the naked eye. The id>bl 
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d« la ^tlle observed 1492 in the small space compre- 
hended between the tropic of Capricorn and the south 
pole; a part of which he formed into new constellations. 
But this space is to the wdiolc sphere, as 10 nearly; 
s6 that in our opinion the whole number of the stais itsible 
to the naked eye mav be estimated at about 6500. It is 
a mere illusion that makes us coucliiafie, on the first view, 
that they are lutiiimerable ; for if you take a space com- 
prehended between four, five or six stars of the second 
and third magnitude, and try to count those it contains, 
you will find that it can be done without much difficulty; 
and some idea may he thence formed of their total num- 
ber, which wall not much exceed that above stated. 

The Stars are divided into different ckisses, viz, stars of 
the first, second, thud, &c, magnitude, as iai as tlie 6th, 
which are the smallest perccjitihle to the naked eve. 'riiere 
are 20 of the first magnitude, 76 of tlie setoutl, 22d of the 
third, 612 of the fourth, See. 

In regard to the constellations, the numhct of those 
commonly admitted is 90; of winch 03 btdfing to the 
tiortbern liemispiicre, 12 to the Zodi.ic, and the lemauiing 
45 to tbe austral or souliiern hemisphere. shall here 

givi^ ^ C&taloguo of them, containing the immhcr of stars 
’of iVhSch eaSih is coni^josc’^l, toother with the names of 
&ome of the most remarkah]o%tars : the Lonslcllalioris 
which have this maik * against tin in, are modt rn ones, 
the others ancient. 'Hie figuies plat cd ag uhnI the prin- 
stars denote their magnitudes. 
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I. CONSTELLATIONS NORTH OF THE ZODIAC. 


No. 

Conbtfllations, 

1 

Ursa Miuor ' 

2 

UrsH Major 

3 

Persous 

4 

Auriwji 

5 

•Rooles 

6 

Draco 

7 

8 

*Ce|jhcus 

*(\ines Voiiatici soil. 1 
Asteiiaii f t Chura J 

9 

*(’oi (\i.oh 

10 

Ilium 

iJ 

Tnau'^uluni nmiu*^ 

12 

*MuM'a 

13 

*Lynx 

14 

*Leo Minor 

15 

^Coma Berenices 

lb 

*Cam(‘lo|»ar(laliH 

17 

*Monb iVIcm laub 

18 

Corona Borealib 

'9 

Serpens 

20 

21 

22 

Scutum Sobieslii 

Him cults cum Kamo 1 
el Cciheio J 

*Scrpentauus Mve “1 

Of)liimhus ' J 

23 

’^Taurus Ponmtowski 

24 

Lyra 

23 

’•^Vulpccula et Aiiser 

26 

Sa^itta 

V 

A<|uila 

28 

Dclphinus 

29 


30 


3i 

^Laceitli 

32 

*l'c^llblis 

33 

*An(lioineda 


No. of 
Stai s. 

Chief Stars. 

24 

Pole Star 

87 

Diihhe 

59 

Alf^cnib 

50 

Capella 

f i 

Arcturus 

Bastaber 

J 5 

Aldciamui 

’5 


J 


10 


5 


O' 


41 


24 


U) 


5S 


n 


21 


50 


B 


JJ3 

Has Al^Atl% 

67 

Ras Alhagus 

7 


22 

Vega 

37 


18 


40 

Altair 

18 


7^ 

Deueb Adige 

JO 


16 


^5 

Murkab 

6o 

Ahnuac 


2 

1 

2 

1 

1 

3 

3 


3 

3 

1 


^'4 



1 


to Id 
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11. CONSTELLATIONS IN THE ZODIAC. 


No. 

Constellations. 

No. or 
Stars. 

Cbief Stars. 

1 

Aries 

66 .N 



2 

Taurus 

140 ^ 

Aldebaran 

1 

3 

Gemini 

85 

Cubtoi and Pollux 1,2 

4 

Cancer 

83 



5 

Leo 

95 

Re^uliis 

1 

6 

Virj^o 

no 

Siucti Vir^iriis 

1 

7 

Libra 

51 

/iiSieuich Mall 

2 

8 

Scorpio 

44 

A n tares 

1 


Sagittarius 

69 



10 

Caprioornus 

51 



11 

Aquaiies 

108 

S( heat 

3 

12 

Pisces 

11‘2 




HI. CONSTELLATIONS SOirill OF THE ZODIAC. 


No. 

Constellations, 

No. of 
Stars. 

CInd Stars, 

J 

• Plicemx 

u 



2 

♦Ofiicuia Seuljitorid 

12 



3 

•Eridauus 

70 

A( bernar 

1 

4 

r^liydrua 

D 



£ 


0 • 

Menkar 

2 

6 

* Fornax CherriK'a 

14 



7 

^Horoloi^ium 

12 



, 8 

*Reticu‘usKhoiu]>oidHli5 

JU 



9 

*Xiphias 

7 




1 Vlapraxitellis. 

itJ 



J H 

*Lepus 

19 



12 

^Coluinba Noachi 

10 



1 13 

Orion 

7^ i 

1 JMelo^e 

t 

14 

' Art^o Navis 

50 

I ( anop^ 

1 

13 

Canis Major 

30 

i Sinus 

1 

16 

♦^quulcus Pictonus 

b 

1 ^ 


17 

*iVloiioeeros 

31 

t 


18 

Cams Minor 

11 

Procyon 

1 

1 

1 •Chameleon 

10 

1 1 

4.7 
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No. 

Coiistellationti. 

aiarl‘ Chief Stars. 

20 

*Pyxib Nautica 

4 

2X 

^Pibcis Volana 

8 

22 

llydia 

6o Cor Hydra? J 

23 

*Sextaiis 

4 

‘24 

*Robui CarolmtsWti 

12 

25 

*iVfciC‘lni]a Pncumutica 

3 

26 

*Cratei 

1 1 Alke. 3 

i7 

*C orvua 

9 Algorab 3 

28 

^Cjobjcrs 


2j 


, 

30 

’•'Apis ludica 

i 1 

31 

*Cimnus 

4 

32 

Ceiitauius 

36 

33 

*LllpU8 

24 

34 

^Quadra Eiiflidis 

12 

35 i 

■’^'IVau^ulum Aubtrak* 

5 

36 

Ara 

0 1 

^7 

^Tdebcopium 

‘J 1 

3H 

^Corona Aiibtralij* 

12 j 


*Pavo 

n i 

40 

■♦‘■liulus 

12 

41 

*Microbcopjuirj 

10 

42 

*OdjiUb llajleuuius 

43 

43 

*Griib 

14 

44 

Toucan 

9 ' 

45 

Pi-cib Australis 

20 rornalhaut / I 

IV. 

NUMBER OF STARS 

OF EACH MAGNITUDE* 


Constellations. 


S’ pi Maarnitudes. 

g ? i 

S I 

• r. 1 II 


1014 
J5| l':5l 

23 b6S 


3 
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W^f^riiall not here enter into any physical details 
specting the stars; as we reserve these for another place^ 
where we shall speak of their distances, magnitudes^ oiodoDi 
and vanous other things relating to this subject ; suc^ as 
new stars, changeable or periodical stars, 8cc. 

The best celestial charts were long time those of 
Bayer’s Uranometria, a work in folm, published in 1603, 
and which has gone through a great many editions. But 
these charts liave given place to the magnificent Celestial 
Atlas of Flamsteed, published in folio at London in 1729; 
a work indispensably necessary to every practical astrono* 
mer* Of the ether charts or planispheres, those of Pardies^ 
publislied in 1673, in six sheets magnificently engraved by 
Diichange, are esteemed. We have also the two plaui* 
spheres of de la Hire, in two sheets. Senex, an English 
engraver, published likewise two new planispheres, accord- 
ing to the observations of Flamsteed ; one of iliem in two 
sheets, where the two lieinisplieres are projected on the 
plane of the equator; and the oilier where they are pro-, 
jected on the plane of the ecliptic. Those who have not 
the Celestial Atlas of Fiainsteed must provide themselves 
withi^ither of these planispheies. The modern astrono* 
mers, ;Uid particularly la Caillc, having added a great 
number of new constellations to the old ones in the southern 
hemisphere, two new j»lariispheres liavc on that account 
been formed. One of them, by M. Robert, consists of 
two sheets, where the ground of the heavens is coloured 

S ; so that the constellations are very distinctly seen, 
constructed according to the newest observations ; 
it is accompanied with useful instructions respecting 
tiie method of knowing tlie heavens. 

As it IS of the greatest importance to astronomers, io be 
acqiuiinted with the constellations and stars of the Zodiac, 
because the planets move in tliat circular band, Senex, 
before mentioned, published about half a century agjij, Thu 
Starry Zodiac, from Flamstccii’-. Observations; and^s it 

VOL. UT. * 
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was difficult to be procured at Paris, the Sieur Dhibalind^ 
engraver, gave*, in 1755, a new edition of it; with sdcfi 
corrections as thd ‘intei val between that period and the 
time when Senex published his edition, had rendered 
necessary. He was directed in this imdertaking by M. de 
Seligny, a young officer in the service of the East-Inclia 
Company. To tlic Zodiac of Dhculaud is annexed a 
minutii catalogue of the Zodiacal stars, with tlieir longi- 
tudes and latitudes, reduced to the year 17 ^5. This cata- 
logue comprehends 9'J!4 stars; ' t the autlior, to render 
Ills w^ork more useful iu nautierj observations, gives to his 
Zodiac ten degrees of latitude, on each side of the ecliptic* 
It may be readily seen, fiom what has hoen here said, that 
those who are not possessed of the Celestial Atlas of Flam- 
steed, must procure the Zodiac and Catalogue of Dheu- 
land, or rather of Seligny, and that even possessing the 
former work docs not supersede the necessity of the latter. 

A new edition of Flamsteed's Atlas, reduced to a third 
of its original size, has since been |)ubhshed, with a plani- 
sphere of the austral stars observed by la Caille, M. Fortin, 
the author, reduced all the stars to the year 1780; and 
added a chart of the stars representing the difterent figures 
which they form, together with their relative positions. 

To the above list we may add the large Celestial Atlas 
lately published by professor Bode, of Berlin, consistihg 
of twenty sheets. 

Remark, — Since the period when mankind began to 
observe the stars, various astronomers, at different 
have undertaken to exhibit in ciiarts, their places, relatJW 
distances, and magnitudes. To the works of this k^d 
before mentibned, we may add also the Coehnn Stcllatum 
of Julius Schiller, 16*27; the Firyncimej^tum Sobescianum 
of Heveiiiis, 1600, in 54 sheets; and l)op pel ma vet’s 
Celestial Atlas, Nuremberg 1742. In the year 1729 Flana- 
8tee I’s Celestial Allas was piiohshed in *28 sheets, contain- 
ing 2919 Stars, observed by that astronomer ut Greenwich, 
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and divided into 56 constellations. In the year 1116 ^ an 
edition of it, reduced to the quarto foiin, was published at 
Paris by Fortin, in IJO sheets; in the year 17i>6 la Lande 
and Mecliain published tlu; same pi. lies, considerably un- 
proved, and eulargCHl with se\en new constellations* In 
the year 1782 M. Bode published the same Atlas in 34 
sheets, small folio; but he added, besides the old observa- 
tions, a great many new ones, and above 2100 lixed slurs 
and nebulie. In tlie y(‘ai n4*S, a new Uvanogutplmy of 
the same kind as that ol Bayer, to eunsisl ol 50 sheets, was 
announced to he published by subscription in Kngland. Dr. 
Bevis, a noted astronomer, was at the head ol this under- 
taking, and some of the sheets wcue engraved, hut tlic 
work was necei completed^. The Atlas now published 
by professor Bvjde, in 20 sheets, is coustrueAcd according 
to an entirely new projection LlaiustecMrs cliarts weie 
each 21 inches in breadtii and 28 inches in ieugtij; those 
of liode’s Atlas are 2(> inclies in breadth and !kS in length. 
Flamsteed’s Atlas contains onl> c()nstellfit]'';is on 28 
.sheets; that ot Bode contains lo(» on IS sheets, togetlicr 
with the stars around tlie south [)ol(', and two hemispheres.. 
Of 4te yeais, b\ the continued as.uduity ol astronomers, 
the ntitnbcr of stars observed has bee n much increased. 
Dr. Herschcl, with Ins excellent tel(‘sc(q>es, has discovered 
above 2500 nebula), group.s of Mais, and double stars. 
Baron von Zach ol Gotha censtructc d a new and c.omplcte 
catalogue of the fixed star^, from Ins own obervations ; 
professor Bode for tlie greatc‘st number of lus im|)rove- 
was indebted to la Lande. Tins mmitorious 
’"aSftonomcr supplied him at dilierent times with new stais, 
amounting altogether to about (.000, winch were observed 

♦ Another little knowu Ccle^tu) Ailn*., lOni-h at l-a'.t is mentioned hy 
L«Uaiule, is that of Coihimanus I nmiMs, a li- -n dn t ou ami of 

mathmaticb at Ausbur.j. 1? n t^iditlcd hnnowmlum Firmurnma, .n bonom 
of the then bishop of the hou«c ol Fniman, .irul was publisfii'd at Anpsbiirs' m 
small folio, m the year HJI. In this ‘I'as the noithmi <iOHrvjs cylled 
CotvsA Fim%am> ^ 
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by himself and bis nephew le Francois, at tlie 
school, with a mural quadrant by Bird. But the first 
manuscripts transmitted by la Lande^ contained the right 
ascensions only to minutes of time; and consequently were 
not accurately enough defined for the large scale on which 
these charts arc constructed. Professor Bode therefore 
inserted only some of these stars into his charts, briing 
obliged to leave out the greater part of them, l^a Lande 
sent afterwards more correct positions ; and though the 
professor encountered many difH ulties in reducing them, 
in consequence of errors in the t inscribing or calculation, 
be was enabled to add to his charts some thousands of new 
stars, furnished by the above astronomer* Tlie professor 
however found several vacuities, and being desirous that 
the improvement introduced into his work should be uni-^ 
form, he resolved to supply these deficiencies from bis 
own observations. He began therefore in the month of 
December 1196, at the royal observatory of Berlin, to 
search for and observe new stars, with a mural quadrant 
by Bird ; and by these means was enabled to enrich bis 
Atlas with some hundreds of stars, of the 6th and ?tb 
magnitudes, not to be found in any of the catalogues 

Plate 1 and 2 represents the hemispheres of Aries and 
Libra according to the stereograpbic projection, the brst 
has 0°Tf und the second in the centre; the pdes 
are at the top and bottom, and the solstitial colure in the 
circumference. Plate 3 to 10 all the principal stars of the 
polar regions, and all the old and new constellations 
of the Zodiac. Plate 11 to 16 the twelve constellation 
of the Zodiac, and some neighbouring stans. Plate 11 ib 
20 all the stars below the Zodiac and in the south polar 
r^ions* These charts altogether contain upward)^ of 
11000 stars, nebulie, groups, and double stars. Maiiy\Dtf 
the sheets contain 13 or 1400 stars, nebulas, 8cc; whereas 
those of Flamsteed do not contain above 300. . 

Flamsteed, for his charts, made choice of a kind of pro* 
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|eCti6h by which, especially under great declinations, no 
ptoper idea is giv^en of tfie real figure of the circles of the 
iphere. In these charts the parallels to the equatoi* are 
‘straight lines, which intersect the meridians, where the 
cosines of their distance from the mean meridiem falls. iThcy 
appear therefore as crooked lines; the meridians or great 
circles appear also crooked, and the parallels or less circles 
straight lines, entirely contrary to the real form which 
these circles of the sphere exhibit. Professor Bode tlierc- 
fore made choice of another kind of projection, namely 
that conical projection described by J^astner in his Geo- 
metrical Treatises, and in which the semi-diameter of the 
mean parallel is the cotangent of its declination. The 
mean mendhin, on the other hand, is lengthened where 
these cotangents fall ; and from tins point as a centre arc 
drawn the parallel circles at every 5 degrees. At this 
centre the value of the angle of right ascension, for ex- 
ample 10 degrees, is made 5= sin. deck lO"; and the me- 
ridians are drawn as straight hues. By this construction 
the degrees of ascension are kept in the proper proportion 
to those of declination, in the mean zones lying between the 
parallels, as far as they extend east or west; and the princi- 
pal stars which each sheet exhibits, fall in these mean 
zones. Each sheet generally conums about 75®, on the 
Ciquator, of right ascension, and 54’ in declination. When 
the equator falls in the middle of the chart, the parallels 
and meridians are straight lines, placed at equal distances, 
intersecting each other at right angles. The polar « 
4|^ons are delineated according to the sicreograpliic pro- 
ji^tion. The scale of these charts, the two polar ones 
^^)fioepted, is 10® declination to 4 inches Englisli. 

Tte names of all the constellations are given in Latiiii 
aoeording to the general practice} the original constella* 
tlotiSi when they form the principal figures in the chartf 
are completely shaded ; but in such a manner that the 
smallest $tm and the nebulous spots are apparent. The 
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names are given in laige Roman shaded characters. The 
constellations introduced in modern times are shaded in 
the punctured manner; and the names arc added in lar^' 
open Roman characters. Besides tlic Arabic and Latin 
names, already known, the old Arabian names are also 
added to many oi the stars. The epoch of the right as- 
cension of these stars is fixed at the 1st of January, 1801. 


^ (^JIAPTRK IT. 

A short I'lcw of the primipal Fiict^ in rrsrnrd to Physical 
Astronomy ^ or ihc Sif^tem of the Universe. 

TiibRK IS no tlilVeicDcc of opinion at present among 
enlightened philosoplierN, in icg.ud to tlu‘ position of the 
' planets and of the sun. All those capable of estimating 
the proofs deduced fioin astionoiny and jiliysics, admit 
that the sun occupies thccentic ol an imnu'nsi' space, in 
which the following planets icvolvt^ around Imii at differ- 
ent distances, viz, Merciny, and Venus; tin* eaith, always 
accompanied by the moon; Mars, Palias, discovered by 
Dr. Olbcr.s; Ceres, discovcied by M. Piazzi; Vesta, dis* 
covered b\ Harding; Juno, discovered also by Olbers; 
Jupiter, followed by Ins lour moons or satellites; Saturn, 
surrounded by lus ring, and accnrnpanii'd by seven satel- 
lites ; the Gcoigian planet, discovered hy Dr. HerscheF, 
m together with its satellites; and lastly a great number 
comets, which hll\c l)eeii sheun to be nothing else bi>t 
planets having orbits very much elongated. 

The path in wliicli each of the planets moves around 
the sun is not a circle, but an ellipsis more or less elongated ; 
in one of the foci of winch that luniinary is placed; so that 
wfhen the planet is at the extremity of the axis, beyohd 
the centre, it is at its greatest distance from the suDj and 
when at the other extremity of that axis, it is at its nearest 
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«}^tance» This ellipsis however is not very much elongated ; 
that described by Mercury is the most of all of the ancient 
planets ; for the distance of its focus from the centre is 
i equal to a fifth part of us semuxi^. That ot Venus is 
neaily a circle. In the orbit ot the earth, the distance 
from the locus to the*ccntie is only about a 5Tth part of 
the seniiaxis. The last discovered jilanet, Pallas, it is 
said, has its orbit the most elongatnl of any, its eccen* 
tricity being about one thiid ol its mean diNtauce hum the 
sun. 

The motion of all those bodies around the sun is regu- 
lated by two ccdcUriitcd laws, the discovery ol uhieli has 
rendered the name of Keplei immortal. The fii^t of these 
laws, u Inch relates to the motion of d {ilauet in the ddTerent 
points of its oibit, is, that it always moves in sucli a man- 
ner, that the arc described b\ the radius vector, or the 
stiaight line drauii fiom the plaint to tlie sun, increases^ 
uniformly in ccjiial times, or is always proportional to the 
time; so that li a jilanet, foi example, emph'V^ 30 days in 
moving from a iott (pi. 5, fig. 1 7), and 20 in moving from 
a* to JO, the mixtilineal area as uill be to the mixtiliiieal 
area tT s /i, as 30 lo 20, oi as tt is to Asjo, a‘ .SO to 50, or 
as S to 5. In double the timi* ilu-ieforr this area is double, 
and so on; wlieiiCL it follows, that wlien the planet is at 
its greatest distance, it moves \vit*i the least velocity in its 
orbit. The ancients laboured under a mistak**, when they 
iraagmed that the letardation wlmh thi^y oh-^uved in the 
motion of any of the heav4*nly bodn*s, such as the sun for 
?|^4x<implc, was a mere optical illusion: this retardation is 
partly real, and partly apparent. 

The second law, discovered by K(3[)ler, is that which 
. regulates the distances of the planets from the sun, and 
their periodical tunes, or vthc times of their revolutions. 
According to tins law', the culuis of the mean distances of 
two planets from the sun, around winch they per‘forih tfeieir 
xevpiutions, are always in pioportion to each other as the 
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squares of thdr periodical litnes j thus, if the mean distaoets 
of two planets from the sun, be the one double of the 
other, since the cubes of the^e distances will be as I to 
the squares of the periodical times will be as 1 to 8 ; conse-*' 
quently the times themselves will be to each other as 1 to 
the square root of 8, which is 2| nearly. 

This rule holds good, not only in regard to the principal 
planets, those which revolve about the sun, hut also in re- 
gard to the secondary planets, which revolve around a 
primary planet, as the four satei' tes of Jupiter, and the 
seven satellites of Saturn. If 1 ic earth had tw^o moons, 
they also would observe tins law in regard to each other 
by a mechanical necessity. 

These two laws, first discovered by Kepler, from his 
observations and those of T} cho Brahe, were afterwards 
confirmed and proved by Newton, from the piinciples and 
laws of motion ; so that those who deny truths so w^cll esta- 
blished, must be incapable of feeling the force of a demon- 
stration. 

We shall now lay bclore our reader every thing most 
remarkable in regard to those celestial bodies of which we 
have any knowledge, beginning with the sun. They who 
can behold this sublime picture without emotion, ought to 
be classed among those stupid beings, w hose minds are 
insensible to the most magnificent works of the Deity. 

Of the Sun, 

The sun, as we have already said, is placed in the middl^ 
of our system, as a source of light and heat, to iiliiminat^^ 
and vivify all the planets subordinate to it. Without his 
benign infiuence, the earth would be a mere block, which 
in hardness would surpass marble and the most compact 
substances with which we are acquainted ; no vegetation, 
no motion would be possible: in short, it would be the 
abode of darkness, inactivity and death. The first rar^ 
therefore among inanimate beings cannot be refused to 
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the mtii attd if the error of adtiressincj to a created object 
that adoration which is due to the Creator alone, could 
admit of excuse, we might be tempted to CKCuse the 
homage paid to the sun by the ancient Persians, as is still 
the case among the Guebres, their successors, and some 
savage tribes in America. 

The sun is, or seems to bo, a globe of fire, the diameter 
of which IS equal almost to i 1 1 times tliai of tlxe earth, 
being about 883211 Englisli miles; us surface therefore is 
12321 tunes greater than that ol the (‘arth; and its mass 
1367631 times. Its distance from the eartli, according to 
the lalcbt observations, is about 95 millions of mil«»s. 

Tins enormous mass is not absolutely at lest : for modern 
aslronomersdmve toiiiul that it revolves round its axis, in 
25 days 12 hours. This motiou takes place, on an axis 
inclined to the plane of the eehpuc about 7 T > the 

equator of the sun has the same iiKiuiation io llii' carth^s 
orbit— This phonomenon was disrovored by means of the 
spots, With wlueh the surf.ic'* of tlie sun is covered at 
certain periods: with the assistance of a telescope, these 
spots, which are dark, and generally ol a very irregular 
lorrn, and which often remain some mouths, mav be ob- 
served on the disk of this lununary. They xvere first 
discovered by Galileo, who thus gav a mortal blow to the 
opinion of tlic philosophers of that time, souk of whom, 
treading in the steps of Aiib.otle, considered ilie eel(‘stial 
bodies as unalterdble. He repcdtcdly obsci vc d, at diflcrcrst 
periods, large spots on the sun’s disk; saw them alway\> 
approach in the same direction, and almost in a siraighl: 
line to one of the edges; then disappear and re appear 
afterwaids, at tlic othet edge; whence be concluded that 
the sun had a rotary motion about bis axis* It is remarked 
that these spoti» employ 25 days 12 liours to return to the 
same point of the disk where they began to be observed; 
hence it Mows that they require 23 days 12 hours, to 
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perform a complete revolution*^; and consequently the 
sun employs that time in revolving about his axis. 

It theiice^iollows also, tliat a point in the 8nn% eqi]Etiig>l>r 
moves about four tunes and a third as fast, as a point 
the terrestrial equator, dining its diurnal motion; for, th^ 
circumference of a solar gt eat circle In ing 111 tunes as 
great, these points moukI move with tlie same velocity if 
the penotl ol tlu‘ sun’s icxoiution ucre 111 days: But 
being only {!a\'s and some uours, ii is about lour tunes 
and a third i.ipid. 

Astronomers li.ive also tiad th^ vU*'lo^ltv to measure the 
extent of some ol thc^e soiai spots; and have ionnd that 
they are sometimes nun ii larger than the whoK* e jrrh. 

In regal tl to tlie natnn* of these spot^-* some pihilosophers 
have conjectured, t'ial they can be uotnieg else than parts 
of the luicleu) ol the uu winelj 'eniain uncovered, in 
consequence of the n regnl n inov . menis of , ii.iul v lulcatly 
agitated. An Enghsii Aanmomer, [hofessor Wilson of 
Glasgow, revived this idea in tlie Plniosophical Trans- 
actions tor I77l3, M’lth tins ddrennice, that according to bis 
theory the luminous matter of tlie sun \s not fluid, but of 
such a consistence, that nndin' p..rticnlar circumstances, 
there may be sometimes formed m it considerable excava- 
tions, winch discover a portion ol the nucleus. The slop- 
ing sides of tliesc excavdlions, according to his opinion, 
form the faculie, or that border less luminous, without 
being black, witli wliicb these spots are generally sur- 
rounded. Tins theory he endeavours to establish, by ex- 
amining the plumomena that ought to be exhibited by such 
excavations, according to the manner in winch they might 
present themselves to an observer. 

* The of this diflTerencp that while the sun pel forms a complete 
revolution on its axis, the earth, movins: in its orbit, advances abotit 55 
degrees tovvards the samo sule; on which account the spot must still |mss 
over about 25 degrees, before it can be in the same point of view m 
♦o the eaith. 
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' Other philosophers have supposed these spots to be 
only clouds of fuliginous vapours, winch remain suspended 
^dter 'the surface o^' the sun, in the same manner as the 
ImOke that rises from Vesuvius at tlic tune ol an eruption ; 
«nd which to an eye placed in ihe athiosphere would ap- 
pear to cover a large tiaci of country. Some also have 
imagined tliein to consist of a kind of scum producerl by 
thd combustion o( t^nrons mafttu’s, which have falh‘ri 

on the sun’s smlacc. But, in <ill prohahility, nothing 
certain will ovc'r be known on the Mib|eLl. Kor whole 
j^ears none of these spots are ever seen on the suiTs disk, 
and sometimes a great many are nhsetved. In 16^57 it is 
said they w'cre so numerous, tli.it bolii th(' lieat and 
splcndourv^f that himinarv weie in some measure di- 
nnimshed by them. If the opinion of Descartes, respect- 
ing the incrnstatioii of the stars, and their conversion into 
opake ])lanets, had been then know n, some apprehensions;; 
might have been entcTt.Hn(*d of seeing the sun, to the great 
misfortune of (he human species, undergo this strange 
metamorphosis. 

\\"c shall here remark that a certain figure of the sun, 
given on the autliontv^ of Kucher, and copied in various 
maps of the wmrld, ought to be considered merely as an 
imaginary production. No ob^er' ations liave ever been 
n^ade by an^ astronomer, that can serve as the least found- 
ation for It,"" 

In 1683, Cassini discovered that the sun not only has a 
proper light of his own, but that he is accompanied by a 
kind of luminous atmosplier*', which extend:* to an immense 
distance, since it somctnitos leachcs tlie caith. But this 
atmosphere is not of u form neaiiy sjjherical, like that of 
the earth: it is lenticular, and snuated in such a manner, 
that its greatest breadth comci(l<*i» almost wdih the pro- 
longation of the solar equator. ^V c indeed often see, 
during very serene w^cather, ami a little aftei sunset, a 
light somewhat inclined to liic cclipuc, several degrees 
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broad at the liorizon, and decreasing to a point; which 
rises to the height of 45®. It is principally towards the^ 
equinoxes that this phenomenon is observed ; and as it 
been since seen, and in various places, by a great ntrixrhj^r/ 
of astronomers, thesis appearances cannot perhaps beaci 
counted for, but by supposing around the sun an atino^ 
sphere such as that above mentioned. 

Doctor Herschel has two ingenious papers in the Phi* 
losophical Transactions, for 1795 and 1802, containing 
many new and curious speciilati s on the nature and con- 
stitution of the sun, his light, Dissatisfied with the 
old terms, used to denote certain appearances on the sur- 
face of the sun, Dr. Ileibclicl re^^cts them ; and instead of 
the words, spots, nuclei, penumbras, Inculi, SN^he substi- 
tutes, opeuuigs, shallovvb, ridges, nodules, corrugations, 
indentauons, pores, kc. He imagines that the body of the 
sun 18 an opake habUable pUnot, surrounded and shining 
by a luminous at^iospliere, which being at times inter- 
cepted and broken, gives us a view of the sun^s body 
itself, which are the spots, &c. He conceives that the 
sun has a very extensive atmosphere, consisting of elastic 
fluids, that are more or less lucid and transparent, and of 
which the lucid ones furnish us with light. “ This atndo^ 
sphere, he thinks, is not less than 1843, nor more than 
27€5 miles in height ; and he supposes that density of 
the luminous solar clouds need not be muclt^hnore than 
that of an aurora borealis, in order to produce the effects^ 
with which we are acquainted. The sun then, if this hy- 
pothesis be admitted, is similar to the other globes of the 
solai' system, with regard to its solidity— its atmosphere—^ 
its surface diversified with mountains and valleys— the ro- 
tation on its axis— and the fall of heavy bodies on itssufo^ 
face ; it therefore appears to be a very eminent, large, 
and lucid planet, the principal one in onr system, dbse- 
minatiug its light ani| heat to all the bodies with which it 
is connected.” 
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OfMercurj/. 

; Mercury is the smallest of all the ancient planets^ and the 
Dearest the sun : its distance from that luminary is about 

of tliat of the earth : Mercury therefore revolves about 
the sun at the distance of about 37 millions of miles. On 
account of this position, it is never more than 26° 20" 
from the sun, and on this account it is very difficsilt to be 
seen. When at about its greatest elongation from the 
sun it appears as a crescent like the moon towards her 
quadratures; but to observe this configuration requires 
good telescopes. 

It has been ascertained from any observations 

whether Mercury has a motion round its axis, winch how- 
ever is very probably the case. 

This planet completes its revolution round the sun in 
87 days 23 liours 15 minutes, and its diameter is to that 
of the earth as £ to 5 ; so that its bulk is to taat of the 
earth as 8 to 125. 

The distance of Mercury from the sun being no more 
than of that of the eai ill ; and as heat increases in the in« 
verse ratio of the squai of tlie distance ; it thence follows 
ihskif cakr is partbuSi it is nearly sewn tunes as hut in that 
planet as on our earth. This heat even far exceeds that 
of boiling Wfiter. If Mercury therefore has llic samecon* 
formation as our earth, and is inhabited, the beings by 
wlmh it is peo|»ied must he of a nature very different 
from those of the latter. In this tluTe is notlung repogv* 
nant to reason ; for who will dare to confine tlie power of 
the Deity to beings almost suiiihiT to those with wliich we 
are acquainted on the earth? Wc shall siiow hereafter 
that the conformation of the surface of Mercury, and the 
of the cn cu mambienr fluid, may be ch a$ io 
make it not impossible for such b^igs as ourselves to 
e&ist in it« 
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Of lUnus. 

Venus is the most brilliant of all the planets in ’ 
Heavens. This planet, as is ^ell knoAvn, sometimes pr^ 
cedes the sun ; and on that account is called Liicifery ot 
the morning star: sometimes it follows him, appearing 
the first after he is set ; and on that account is distill'* 
guisbed also by the name of Fe,spery or the (3vening star. 

This planet revolves aliout sun at a distance from 
him, which is to that of the eattli from the sun, as 68 to 
95; consequently its distance fiom the sun is about 68 
millions of miles: its greatest elongation fioin the sun, in 
regard to u^, is about 48®, and it exhibits tlie^^nic phases 
as the moon. 

The revolution of Venus around the sun is pferformed 
in CJ24 days 16 hours 49 ininutCM Us diameter, according 
to the latest and ^lost coircct observations, is nearly the 
same as that of the oaith, and consequently it is of equal 
bulk also. Changeable spots ha\e been discovered on 
the surface of Venus, winch serve to prove the revolution 
of that planet about Us axis; but the period of this revo- 
lution is not very fully ascertained. M. Bianchini makes 
it to be 24 days, and M. Cassini 23 hours, 20 minutes. 
For our part we are inclined to adopt thi-. Id.tier opinion ; 
but unfortunately these spots, seen by Mar^fei and Cas- 
sini, are no longer visible, even with the lielp of the best 
telescopes, at least in Europe: at pre^e^t*not a single spot 
<jan be observed in tins planet ; and llieretorc the ques* 
tion must remain undetci mined till new ones are seen. 

Venus may sometimes pass between the earth and the. 
sun, m such a manner as to be seen on the disk of the 
latter, where it appears as a black spot, of about a minute 
apparent diameter* It was seen for the fiist tune pasaiug 
over the sun’s disk ii^^Nov. 1631 ; U w-as again observed 
under the like circumstances on the 6th of Juney 1761, 
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and the same observation was made on the 3d of June, 
1769. It will not be again seen passing over the sub's 
wsfc, till the '^9tli of December, 1874* The observation 
phenomenon, in the success of which all the states 
Europe interested them$|ilvcs, is attended with consi* 
tSerable advantages to astronomy, an account of which 
may bo found in books tluit treat expressly on that sub- 
ject. 

§ IV. 

Of the Earth, 

The Earth, which we inhabit, is the third in the order 
of the planets Intlierto known. Its mbit, the semi-dia- 
meter of which IS about millions of miles, compre- 
hends within It those ot V^ nns and Meicury. It per- 
forms its' revolution about the sun in ?A>5 day^ 6 hours 11 
minutes; for it is necessary tiiat a distinction should be 
tnade between the real or complete ♦avolution of the 
earth, and the tropa al revolution, or what is called the 
solar year. The latter consists ot days 5 hours 49 
minutes; because it repiesents only the tiiiK* v hicli the 
sun employs in returning to the same point of the equi- 
noctial ; but as the equinoctial points ‘40 back every year 
50", which makes the stais seem <0 advance ihe same 
quantity, in ^he same period , ulien the earth has returned 
to the point"^ the vernal iqinno\ . it must still pass over 
SO'' before It can attain to the point (d the |j\ed sphere, 
where tlie equinox was the ])rceeding year, But as it 
employs for this purjjose about 20 miiiuies, these adcleif^ 
to the tropical year uill give, as the time ol the compiete 
revolution, from a point ol the fixed spheie to the same 
poiOt again, 365 days o hours 11 mmute>, as meii|ioned 
above. 

During a revolution of this kind, thecaiih, w conse- 
quence of the laws of motion, always maintujib its axis 
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parallel to itself ; ami it performs its revols^ioa eir4>Uiid 
this axis, with respect to the fixed stars^ in 23 hours 66 
minutes ; for it is in regard to the fixed stirs that fids 
volution ought to be measured, and not in regard 
sun, which has apparently advanced in the same 
tion about a degree per day. This parallelisnl of tEa 
earth’s axis produces the variation of the seasons | as it 
exposes sometimes the northern and sometimes the south- 
ern mrtHo tlie direct influence of the sun's rays. 

luts parallelism however is ot absolutely invariable. 
In consequence of certain phy'^icat causes, it has a^all 
motion, by which it deviates from it, at each revolution, 
about 50 seconds ; as if it bad a conical motion, exceed- 
ingly slow, around the moveable and suppose^ axis o| the 
ecliptic. On account of this motion, the apj^roBt pole 
of the world, among the fixed stars, is not fixed i but re- 
volves about the pole m the ecliptic, and approaches 
certain stais, wlfijle it recedes from others. The polar 
star has not always been that nearest the arctic polej nor 
is it yet at its greatest degree of proximity : it will attain 
to this situation about the year 2100 of our aera, and ita 
distance from the pole at that period will be 28' or 29'; 
the arctic pole will then recede more and more from it, so 
that in the course ol ages there will be another polar star, 
and even others after that in succession. 

The axis of the earth is inclined to the^lane of the 
ecliptic, at present, in an angle of 23° 28% and some se- 
conds, which causes the inclination of the ecliptic to'libo 
^uator, and produces the diflercnt changes of the seasons, 
thi s inclination is also variable, and, according to modern 
observations, decreases about a minute every century : the 
eclipt^ therelorc slowly approaches towards the equallOCjr 
or rather the equator towards the ecliptic, and if tbi$ 
motion takes pkice with the same velocity, and in tbe 
direction, the ^uator will coincide with the i^bptic 
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irt 140,000 5 ^€ars; and then a perpetaat spring/ as 
vlsH at^an eqi^lity of the days and nights, will prc^ilall 

§ V- . 

Ofihi Moon. 

Of all "the cclc«;tial bodies which surround us, and hy 
which we are ilhinnnatcd, the most interesting, next to 
the sun, is the moon. Being the laiilifiil compani^ li^onr 
glebe during its immense revolution, she often snp|)!ie!=; the 
plaefeiOf the sun, and by her faint light consoles us lor the 
l6ss We sustain when the ravs of that lummai y arc with* 
d^iWn. It is the moon which raising, twice every day, the 
wat^irs of tht^ ocean, produces m them that reciprocal mo- 
tion, knpwn under the name of the flux and reflux; a 
nvotibn wHich is perliaps necessi^rv in the economy of the 
globe. 

' The mean distance of tlic moon from the earth is about 
eoj scmi-diametcrs of the latter, or 21:0,000 miles. Her 
diameter is in proportion to that of the eattli, as 20 to 73, 
or nearly as 3 to 1 1 ; so that her mass, or rather bulk, is 
to that of the earth, nearly as 1 to 4S*. 

The moon is an ojiake body ; but we do not think it ne- 
cessary to adduce here any proof if this assertion, »Shc 
is not a poij||^cd body, like a mirror; for if tlmt were tlie 
case, it wo® scarcely transmit to ns any ligiit, as a con- 
vejynirror disperses the rays in such a manner that an 
eye; at any considerable distance, sees only one point o» 
titts surface illuminated; whereas tlie moon transmits fe; 
us from her whole disk a hglit sensibly uniform. 

» To this we may add, that observation shows in the 
b^y of the moon asperities still greater, ronsideri^ her 
magnitude, than those Avith whieii tiui earth is covered. 
If tbetnoon indeed he attentively viewed, some days 

lOOtgunction, the boundary of thb»*hcuied part will be 
-seen as it were indented; which can an-,e onli from the 
YOU yi* 
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effect of its inequalities. Besides, at a little distance from 
that boundary, in the part not yet illuminated, there are 
observed luminous points, which, increasirig gradually*l^' 
the luminous part approaches them, are at length 
founded w ith it, artd form the indentations above^litfeinh^ . 
tioned : in short, the shadow' of those parts, wHen they 
(jire entirely iljuminatcd, arc seen to project themselves 
to a greater or less distance, and to change their position, 
ac(^dhfJg as they are illuminated On the one side or the 
oth^nh, and in a direction mo» or less oblique. It is ia 
tins manner that the summit* of the mountains our 
earth are illuminated, w-lnlc the neighbouring yalli^' and 
plains are still in obscurity; and that their shadowy are 
projected to a greater or less distance, on the right or the 
left, according to tlie elevation and position of tbe^un# 
Galileo, the author of this discovery, measured the height 
of one of these lunar mountains geometrically ; and found 
it to be about 3 leagues, which is nearly double the height 
of the most elevated peaks of the Cordilleras, the highest 
mountains known on the earth. But later astionomers, 
by more accurate mea^uiemcnts, have not found the lunar 
mountains to rise aliovc a mile or two in height. 

We have already spoken of the names given by astro- 
nomers to these spots, and of their use in astronomy. Wo 
shall therefore not repeat them here, bu^|pioceed to 
something more interesting. On the surfa^idf the moon 
there are spots of different kinds, some luminous, and 
Others in some measure obscure. It w'as long consid^ed 
fully establisheil that the most luminous parts were 
land, and the obscure parts sea; for it was said as water 
absorbs a part of the light, it must transmit a weaker 
sple^our than the land, which reflects it very stroii^ly^ 
But this reasoning is not w'ell founded 5 for if these spdts, 
which arc obscure in regard to the rest of the moon, coD^ 
sisted of water ; when illuminated obliquely, as they are 
in respect to us during the first days after the conjunction^ 
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they ought to transmit to us a very lively light ; as a mir« 
tor which seems black to those not placed iii the point to 
- k reflect'^ the solar rays, appears on the other hand 

^^i^jj^&dingly bright to an eye situated in that point. 

! ' i^lptfors have hence been induced .to believe that these 
^ obscure f)arts are iinrnensc forests, and tins indeed may 
be more probable. We have no doubt that if the vast 
forests still in Europe, and those oi Amenta, weic seen at 
a great distance, they would appear daikci thaiji 
of the earth’s suiface. 

Bu|,.is this ob.:»crvation sufSeient to make us coneliule 
that thfese^pots are ically lousts? We do not think it is j 
and the reasons aie as follow: 

til a planner proved that the moon has no atmo<* 
spheH^ for if she had, it would piodiice liic same elfects 
as ours. 'A star, on tlic moon approaching it, would 
change its colour: and its rays, biuken by that atmo- 
sphere, would give it a veiy irregular motion, even at a 
considerable distance fiom the moon, lint nothing of 
this kind lb observed. A star eoveied by tbo daik edge 
of the moon suddenly dis^^ppeais, without cl'iinging its 
colour, or experiencing any sensible relraetioii. Sumo 
astronomers indeed have nnagincU that they saw lighu 
fling in the moon during total eclipses of the sun; but 
this no doubt was an illusion, owing to their eyes being 
fatigued by/|&kmg too attentively at llie sun, Besides, 
if there wSre clouds and vapouis in the moon, they would 
sonMimes be seen to conceal ceitain knowm parts of 
surface; as an observer pla vd m the moon would 
tainly see certain jiretty large poitiuns of the eaith, such 
as whole provinces, concealed bonietimcs for days, an(^ 
even wceks^ by those clouds, which frevjueritly ^|tovcr 
them, during as long a period. M. de la Hire lias shown 
that an extent as large as Pans would be percept iliLe jto 
an observer in the moon, if viewed through a Udescopo 
of $$ feet, or ^vhich magnified objects about JOO times. 
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But if there be no dense atmosphere, no eletration of 
vapours on the surface of the moon, it is difficult to 
ceive how there can be any kind of vegetation in it; 
if this be the case, it can produce neither plants, 
nor forests, and consequent!}^ no animals. It is 
probable that the moon is not inhabited ; besides, if ft 
were inhabited by animals nearly similar to man, or en- 
dowed with some kind of reason, it is hardly to be sup* 
po|f4 would not make some changes on the 

surface of that globe. But si. e tlie invention of the te- 
lescope, to the present time, .10 alteration has .ob- 
served in its surface. 

The moon always presents to the earth very nearly the 
same face ; and therefore she must have a rotary ^tion 
about an axis, nearly perpendicular to the ecliptfej' the 
duration of which forms the lunar month ; or in one of 
\ its hemispheres there must be some cause, which makes it 
incline towards the earth. The latter conjecture is tbo 
more probable; for why should this revolution of the 
moon around its axis be performed exactly in the period 
of its rotation about the eartli ? However, as the ipoon 
always presents the same face to the earth, it thence fol- 
lows, that her whole surface is illuminated by the sun, in 
the course of a lunar month ; the davs therefore in the 
moon are equal to about 15 of ours, and tbp nights of the 
same duration. 

But if we suppose, notwithstanding what hal^bcct^idi 
.“that there are inhabitants in the moon, they will enjoy a 
singular spectacle : an observer placed towards the 
middle of the lunar disk, for example, will always see the 
earth motionless towards Ins zenith, or having only a^no- 
tioiy^f nutation, in consequence of reasons which weabalt 
explain hereafter. In short, each inhabitant of that hemi- 
sphere will always see the earth in the same point oriiis 
horizon ; while the sun will appear to perfom his revo^ 
lution in a month. On the c|ptrHry, the inhabitents of 
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tfao other hemisphere will never see the earth ; and if there 
astronomers in it, some of tliem no doubt will under* 
a voyage to the hemisphere which is turned towards 
^l^'ifbr the purpose of observing this sort of motiunlc&s 
A^ps^^n^^.suspended in the Heavens like a lamp, and the 
‘^•^ftiore remarkable as it must appear to the lunar inhabit* 
aots of a diameter four times as large as that of the moon 
appears to us; with a great variety of spots performing 
their revolutions ui the interval of 21 hours; Jhcre 
can be no doubt that our earth, intersected by vast'was, 
krg^^l^rituients, and immense forests, sucli as those of 
America, |pU 2 >t exhibit to'tlic moon a disk variegated with 
a great many spots, more or less luminous. 

/V^ jiave said that the moon alwa>s picsents the same 
disk W the earth ; but stiictly speaking tins is not exactly 
the case; for it has been found that the moon has a cer* 
taiii, motion, called libration, in ifonseqiiencc of \i hich tho . 
parts nearest the edge aJternaudy approach to or recede 
from that edge, b} a kind of vib ration. Two kinds of 
hbration aic in particular disunguislied ; one called a li- 
bratipii in latUude, by winch the |)aits neai the austral or 
fbe boreal poles ol the moon, seem to vibrate from north to 
south, and from south to noitb, through au arc which 
may comprehend about 5 degrees. . Tins, however, is a 
mi^re aptic^l^ edect, produced by the paralleh.nn of the 
moon’s axisfef rotation, which is inclined 2 \ degrees to 
thjB ^hptfe* 

other libration is that in lougitudc winch taken^ 
place around the above ax»s, at an angle of nearly 
degrees; and as both are combined, it needs excite no 
w^iKier that this phenomenon should have long been an 
objt^ct of research to philosophers, tliougli w itlioi^^suc* 
cess*, The causes of the latter ar.‘ not yet so hillylsta- 
bUi^ed,Aij to be beyond doubt, llovsovcr, it n. evidej[|J, 
that the inhabitants of t[»e moon, il there jrcali y be any, 
who are situated near th^dgc of the disk turned ^wards 
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the earth, must see our globe alternately qse and set, de- 
scribing an arc of only a few cleg reus. 

§ VL 
O/Mars. 

Mars, which rna}' he easily distinguished by its reddi^^' 
splendour, is the fourth in the order of the primary pla- 
nets. Its mbit incloses tliat of Mercury, Venus, and the 
earth } conso(|uently the motions ol these yilanets must 
exhibit to the inhahilaiUs of ^ 's the same phenomena, as 
are presented by Mercury anu Venus to the inh^^nts 
ol our globe. ^ 

The rcvnhmon of Mars arteind the sun is performed in 
6S6 days 26 liours 30 minutes, or nearly two ycar|ii Its 
mean dislinice Irom the sun is more than that'dF the 
earth, or about 144 miliu>ns oi miles. 

hpots are observed someiimes on the disk of Mars, by 
winch it IS proved tiiat it revoives on an axis almost per- 
pendicular to Its mbit, and ihat this revolution is com- 
pleted in 24 hours 69 minute •>. I’he days thcidore, to 
the inhabitants of Mar^, if rleerc are any, must be nearly 
ecjiiai to ours ; and tise days and mglits in tins planet must 
be of the same lenjjth, since its eipiator coincides with its 
orbit. As to the size of Mars, it is almost equal to that 
of our earth. 

^ VIL 

0 / 

<i#rhe next planet to Mats, ol the ancient ones, is Ju- 
piter. Its distance from the sun is above 5 tunes that of 
the earth, being 490 millions ot mile.s. The period of its 
revolution around the sun is 11 years .317 days 12 hours 
20 minutes. Its diameter, compared with that of the 
t^arth, IS as 1 1 to 1 ; so that its bulk is 1331 tunes as great 
as that of ou^globe. 

T14? bulk "does not prcv(^ Jupiter from revolving 
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around his axis with nmch more rapidity tlian our earth, 
spots observed on the disk of this planet have indeed 
that this revolution is pertonned in 9h 6Gni; st) that 
more than twice as quick, and as any point in the 
|:^iiator of Jijpiter is eleven times as far distant from the 
^ axis as a point of the earth’s equator is from the terrestrial 
axis, It tiience follows that this point in Jujiiier moves with 
a velocity about twenty-four times as gieut. 

It has tlierefore been ohsc‘rv(‘tl that the body of JupUer 
is not perfectly spherical : it is an oblate spheroid, flattened 
poles, and the diameter of its equator, is to that 
passing from the one pole to the other, according to the 
latest observations made with the most [)c*i feet instruments, 
as 44 to 13. 

^be axisol Ju[)iter is almost perpendicular to the plane 
of its orbit, for Us inebriation is only 3 degrees; the days^ 
Jind inglits therefore in tiiis plaikt imist be nearly equal at ' 
all seasons. 


The surface of Jiqiiter is foi llu‘ most jiart interspersed 
vitb spots, in the form of bands, scnni; of them obscure, 
and otbeis luminous* at certain perioiU tbev are scarcely 
visible ; nor are uniformly maiked tin oughout tlicir whole 
extent; so that they are as it were inlcrinpted : tbeir 
mimber also varies; and they can be seen only by the as- 
sistance ol good tidescopes, or vli- n Jupiter is at bis least 
distance froni the earth. Tlie veai 1773 c sieedingly 
favourable for tlie^cf** observations , because Jupiter was 
then as near to the oihit of the earlli is posable, o 

The distance of J II jiiter bom the sun being above 
that of the earth, it is evident that the sun’s diameter must 
appear five times less, or almiit 6 rnimuesnnly; conse- 
quefttly the splendor of the sun at Jupitet y ill be ^ times 
less than it is to the earth. IhU a liglit 25 times ic^s than 
that of the sun it. still prettv strong, and more than su^- 
ent to produce a very clear day : the inlii^itaut., therefore 
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of Jupiter, for it is probable that there are aome in this 
pUmet^ will have no great cause to complain* . - 

But if thev arc treated less favourably in this resMS| 
than the inhabitants ol tlui eartli, they possess advant^^ 
in otheus ; lor while the earth has only one moon, to 
up for the absence of the sun, Jupiter lias four. These? 
moons, or satellites, uere first discovered by Galileo ; and 
they enabled him to reply to tliose who objected in opk 
])Osition to the eai ill's motion, the impossibility of con- 

>mpany the earth during 


ceiAnng liow the moon could a* 


Its levolution: Galileo’s disc< veiy reduced them b- 
lence. 

The satellites of Juj^itoi re\o]vi; around him in the 
penods, and at the distances, indicated in the follo\vjng 
tabic.- 


O-dri of 


Ill M'nii- 

Pt'iiodical 

the SaltllitiG. 


(liainclt rs of Jupitci . 

"1 Miles. 

Ih JL M. 

I 

• 

• o-J * 

1 18 27 

II 

. 

J 

8 18 14 

III 

. 


7 3 43 

IV 

. 


\G IG 32 


The inhcibitanis of Jupiter then, in this respect, enjov 
much greater atl vantages than those of the earth ; for hav- 
ing four rnooiia, some of them must be always above the 
horizon A\luch is not illummiilcd by tlic surt: they will 
even soriu tunes see the whole four, one as a crescent, 
otlHO* full, and a third lialf-full : they will see tliem eclipsed, 
!^ee the moon deprived of her light from time tb 
fimc, when she enters the shadow projected by the earth, 
but with this difference, that, being much nearer to Jupiter, 
considering his bulk, they cannot pass belmid him, in re- 
gard to the sun, without suffering an eclipse. 

> Astronomers, however, not contented with establishiiig' 
the existence these moons attached to Jupiter, have 
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dotie more ; for they have calculated their eclipses with 
4^ much correctness, at leasts as those of our moon. The 
Ipp^tcal Almanac, and other astrononncai Ephemericles, 
pKpb'it ibr each day of tiie month, the aspects of the satel- 
Ipas of Jupiter, and announce the hour at which their 
eclipses will commence, and whether they will be visible 
or not on the horizon of the place : they give also the time 
when any of these satellites will be hid behind the disk of 
Jupiter, or disappear by passing before it. These predic- 
tions arc not matters of mere curiosity, since they arc of 
gre^^^tihty in determining the longitude. 

§V11I. 
i)f Saturn. 

S^iturii, w^hicli is still faithcr from the sun than Jupiter^ 
exhibits a most singular spectacle, on account ol liis seven 
moons, and the nng by which lu l^ suuounded. 11c per- 
forms his rcvululioii around the sun in 2f) years 174 days 
u hours 3G iniiuitcs; and his iniMii disLaiu'e from that 
luminarv is about D \ tunes as groat as that of the caith, or 
900 miilions ol milts. 

At such an immense distance the appaicnt diameter of 
the sun, to a spcctatoi in S.ituuj, is no more than of 
what it IS to us; and its light as »scll as heal must be .90 
times less. An inhabitant of Saturn transpoiLcd to Lap-i 
land, or even to the polar legions, cf)Verc(J witli jicrpetual 
ice, w^ould experience there an insuppoilabie lical ; and 
would no doubt perish sooner tliaii man mmicrse^ in 
boiling water; wliilc an inhabitant of Mcicmy 
freeze in the most scorching climates of our torrid zon^. ^ 

It is probable that Saturn has a rotary motion around 
his axis; but the best teles<;:oi)es have nut yrt shown on his 
surface anv icrnarkable point, by means of wliicli this ro- 
tation could be ascertained or deiei mined 

* Dr. Ilrrschel havin? di'srovcred fliat arr belt-Irke opprar- 

inccs ou this planet^ siniJdi wi.ich aic seen on Jup’ter, concluded 
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Nature seems to have been desirous to indemnif} Saturn 
for his great distance from tlie sun, by giving him set^'S 
moons, vhich are called his satellites. Their distapj^^ 
from the centre of Saturn, in senii-diameters of that plai|^,' 
and the periods of their revolution, are as expressed in 
following table. 


SrltclllUb, 


Pistam cs. 

Resolutions. 




n 

H. 

M. 

T 



1 

21 

18 

11 

, 

, 

2 

17 

H 

III 


. * ' 

4 

12 


IV 


1/ 

Is 

22 

41' 

V 


54 

79 

7 

48 

VI 


3^ 

1 

8 

53 

VII 


o 

0 

22 

40 


Of these satellites, hvt* wlic disccnered by Cabsirn and 
Huygens, before the ytai U'<S;5 , aiai it was imagined llicrc 
were no 'more, till tUo wue discovered by Du ilerschel 
in ilS7 and 1788. *l’hese are neaier to Saiurii than any 
of the other five, but t(» ptevciiL coriluMoii in the num- 
bers, with regard to loimer obsei\dtioiu, ibcy are called 
the 6th and 7ih satellites. 

The inclination ol tin' first loin satellites to tlie ecliptic, 
is fiom 80 to 31 degree s. "i he iittli descrilics an oibit in- 
eiined in an angle ot lioin 17 to 18 degrees to the orbit of 
Saturn, Dr. llmschel obseives ibat*this satellite turns 
once round its »ims exactly m tlio lime in wliicli it revolves 
Saiuin , and in tins ies[)ett it resembles our moon, 
sliali not hereeiilaige on the advantages winch this 
planet must derive from so many moons; whlit we have 
saul in legal d to dupiter is applicable in a gi eater degree 
to Satin n also. 

that it nnut nnolw on axis, ni»M with a prtUy quick motion. lie also 
thiiikH lu* h.is <l (lom s(»pu'|mt<ot helt-.j which arc black 
than otlars, tli.it thli n\uUitjoii ih m 10 hours 16 minutes. 
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But something still more singular than these seven 
vpJioous, is the img by avIucIi Saturn is surrounded. Let 
reaiier conceive a globe placed in tlie middle of a flat 
cucuLir bovly, with a coneentnc vafuity ; and that 
eye is placed at the extremity of a line oblique to the 
^plane of this ciieular ring. Such is the aspect exhibited 
by Saturn wlieii viewed tbrough an excellent telescope; 
Und such is the position oi a spectator on tlic earth. The 
diameter of Saturn is to that ol tlie vacir.tv ol the ring, as 
3 to 5 ; and liie breadth ol liie ling is nearly e(pial to the 
irijgifval belwec’n the iiiig and Satuin. It is fully proved 
that'Ous interval is a vacnity-, for a fixed star has been 
once seen betuevn the ring and ific l)od> ol tlie planet; 
tliis ring tlu*ielori‘ maintains it^ni at omul S.itmn as *i In idge 
would do concent » K to the eaith, and luaiiig evuy wIkmc 
an uniform graviu ■ . 

I'his bodv, of a confoimatnjn 'O singular, is .ilternately 
illuminated on e,Lcli sidi' !>} ilii‘ sun , fui it inaKe-*^ with the 
jdane ol S.iluin’s orli.i, an m\anal)le angle, oi about 
20'; al\\*i\s reiiiainiiu.^ paialh I to itself, in ( onseijuciice 
of winch it piescnts to the sun, ,()inetnius tlie one face, 


* Thi'! r.iu^, aroor^liJig to rrijjirf*ns, .i'km 1 fii,!.* iiroad, ruicj iis 

/^nalesl ili.miftei is m iiropoilR'ii lo iii.il • ^ Un pi.iiKt, ,i'> I' to 4 Dr la 
i,anfl»* aiicl Dr la lMa( l mlortn u , llol ( ’.iw I'u nl r ol Umii i inp;, di- 

Vidrd lino srpaiatr i»'ue, lUai I v < d hi urcTltli v ar-n, with an 

< X'^rll* III fv pt I'HtOUi, "rw ifiC nri- u mn> It- > jm i ftit short 

and soiiip utlieis tli'o ‘J»t tiu'y saw “ \ t lal ai\ is»\ius <;ii tho iin^ , hut the loiii? 
coritiiHifd and atciii it'^ whs# w alioir ol D» H. i )i' 1 tin to < uj- 

\ iMUii of thi' I mil Mito tw j f ci f ciitiH .ilni hi*V'-ruJ the pofisl 

oi doubt Iki'doctoi ,a> I ht i e is onr ‘^iii -h <1 u < oiisi if i .ij)|\ hroad 
blit, Ol ioVtVj wliuh Ilf 1 1* lOhst.iutK found on Hit noilli vid# .jl flip rinjr, 
Tbeie hav« bi-Pii v.inou . coiijn tun s sn rt 4 «^^d lo thr ua uif' of thu 
Suf/ie hate imanmed tlial tl.i dum#! » ‘d Satuin vi i ' 'x, if)ual to the pip. 
>e»it diainch i of t!»c outer iin , and that it Mas liollow ; Hip )*rpsf nt body 
being roiitaiiiLd nitfnii l!i» lo»inii bin I i a*- a KpimI » coin lojid utlliin its 
ihelb 7'hry suppo>it lhat in # i-ns' f|in in r of soirn f»nv n^^lol , oi uUier eau^r^ 
Ur ootei shell fill dou n t» ihr iiniti !)od\,aud o Hi#‘Tiii>,al the 
gnater distancr t« nn lh< c\ iiUP, 'o now jx r < p i 
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and sometimes the opposite one; the inhabitants there- 
fore, of the two heinisptieres ot Saturn, enjoy the benefit^ 
of it alternately. Some observations seem to prove 
it has a rotaiy motion around an axis perpendicular 
plane; but this has not yet been absolutely proved*. 

Saturn is seen sometimes from the earth without hi§ 
ring ; but this phenomenon may be easily explained. 

Saturn’s ring may disappear in consequence of three 
causes. 1st. It disappears when the continuation of its 
plane passes through the sun ; for in that case its su^ace 
is in the shade, or too weakly li’ lUiinatcd by the 
visible at so great a distance , and its edge is toO^Imn, 
even though illuminated, to be seen from the earth. This 
phenomenon is observed when Saturn’s place is about 
ly** 45' of Virgo tLiid Pisces. 

^ 2d. The ling ^J^^Saturn must disappear also, when the 
continuation ot its plane passes between the eaith and the 
sun ; for the flat part of the ring, which is then turned to- 
wards tlie earth, is not that illuiinnated by the sun. It 
cannot therefore be seen liom the earth, but its shadow 
may he seen projected on the dl^k ol Saturn. 

The nature ol tjns singular ring affords much matter for 
conjecture. Some iiave supposed that it may be a multi- 
tude of moons, all circulating so near each other, that the 
distance between them is not perceptible from the earth, , 
wdiich gives them the appearance ol one continued body. 
But this is very improbal)le. 

(^ers have imagined that it is the tail of acomet, which 
Saturn, has been stopped by it. But 
sacll an arrangement v 1 a ciiculating fluid would be some* 
thing very cxluaoidinary. In our opinion, while we ad- 
miie this work of the sovereign Artist, the Creator of the 
universe, we must suspend our conjectures lespectiug' the 

^ Dr. Ilericliil, from some spots lie has seon ou the exterjor of the . 
has deterratned that il revolves in about 10 J houis. 
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nature of it, till a farther improvement in telescopes shall 
^^Enable us to obtain new facts to support them. 

^S||The distance of Saturn from the snn is so great, that all 
planets are inferior to it, or below it, as Venus and 
,^|l4er are, in regard to our earth. Nav, if it be in- 
'^habited by intelligent beings, it is very doubttui whether 
they have any knowledge of our existence, and niucli less 
of that of Mercury and Venus ; toi in regard to them, 
Mercury will never be farther from the sun than 2*^ 25', 
Veni^ than 4° 15', and the earth than 6"^; Mars wij[l be 
dili^tjfrom the sun only about 0'^, and .Jupiter 28® 4C/: 
it tidll therefore be much more difticult for the Saturnians 
to see the first three or four of these ])lane1s, than it is for 
us to observe Mercury ; which can scarcely ever be seen, 
as it is almost always concealed among t||e rays of tlie sun. 

It IS however true that the light of the fen is on the othqir 
hand very MTak; and that the eon^itulion of Saturn’s 
atmosphere, if it has one, may be of such a nature, that 
these planets are visible, as soon as the sun has set. 


§IX. 

Of the Georgian Planet ^ and other lSex€ Playlets, 

It was long supposed that Saturn was the remotest planet 
of our system ; but it is now wt li I aown that this is not the 
case, as another still farther distant fiom tla* sun was dis- 
covered by Dr. Herscliel, in tlie >ear IIM, 7 o this ]>lanct 
Dr. Hcrschei gave the name of rl c Gcorgiwn Sidus, in 
honour of his present majesty. 'Fhe French call it |t^-t 
schel, in honour of the di'-coverer ; and piofcssoi Bod^^lF' 
Berlin, g^ve it the name of Uranus, who was the f.ither of 
Saturn, as Saturn w^as of Jupiter. An interesting history 
of the discovery w^as presented to the Academv of Sciences 
at Brussels, in May 1785, by Baion von Zach of Gotha, 
and is inserted in the first volume of tlie Memoirs of that 
Academy. 

The distance of this planet from the sun is immense ; 
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being about 1800 millmns of miles, which is double that 
of Saturn. It jierforms its iinnual revolution in 83 
140 dayb and 8 lioiirs of our time; and its motion 
orbit must consequently be above 1(>00 miles an hour. 
a good eye, unassisted bv a tele^scope, it appears ]ike^ 
faint star of the fifth magnitude ; and it cannot readily be 
distingnislicd from a fixed star with a less magnifying power 
than 200, Its apparc'nt diameter, to an observer on the 
earth, subtends an angle of no more than 4 secondwS ; but 
its real diameter is about 35000 les, and therefore 
be about 80 times as big as t le earth. Hence 
inf(*r, as the earth Cannot be under an angle of y^tlite 
a second by the inhabitants of tlie Georgian planet, that it 
has never yet been discovered by tliein, unless their eyes 
and instruuHMits are cousiderahly better than ours. The 
orbit of tins planet is inclined to the (‘cliptic at an angle of 
40 minutes 26 seconds ; hut as no s[)oti, have been dis- 
covered on Its siuface, the position of its axis, and the 
length of its day and night, arc not Ivnovvn. 

On account of the immense distance of the Georgian 


planet from the sun, it was highly probable that it was ac- 
companied with several sau llitcs or moons; and t!ie high 
powers of Dr. Hersehefs telescopes indeed enabled him to 
discover six ; but there may be some otheis, which he has 
not yet seen. The first <ind nearest the planer, revolves at 
the distance from it of 12 *, of its semi-diameters; and per- 
forms Its revolution in 5 days 21 hours 25 niitmlcs ; the sc- 
^||||1 revolves at the distance from the piimarv of 16^ of 
<>^j|^*tiii-diameters, and com))]etes its revolutions in 18 days 
1"*^' hours 1 nimutc ; the third, at the distance ol 19 semi- 
diameters, in 10 days 23 hours i minutes ; the fourth, at 
22 scmi-diarneteis, in 13 days 11 hours 5 minutes; the 
fifth, at 14 j?emi-diauieters, in 33 days 1 hour 49 nimates} 
and the sixtii, at S8 semi-diameters, in 107 days 16 hours 
40 minutes. It is remarkable that the orbits of these satel-* 
lUcs are almost all at right angles to the ])laiie of the 
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ecliptic; and that the motion of e\eiy one of tlieni, in their 
orbits, is retiograde, or contrary to iliaL of all the 
known planets, 

^";^^esides the Gcoigiaii, four other planets have lately 
discovered; a circumstance which leaves loom to 
conjecture that there may be many more ol such primary, 
though small planets. 

The first of these four was discovered, on Jati. 1, 1801, 
the first day of the picscnt ctnluiy, by M. Pia/.zi, .in ui- 
genioitis astronomer at I'alermo, in the island ol Sicily, in 
or4j^/j^*|3rebcrve the honour ol this discovL‘iy,as w ell as7l)e 
obs^vMions, to himself, lie kept it secret, till, on the J Itli 
of February, he was cum[)ellcil by sickness to diseonlinue 
his ohsei vations. Tins celestial phenomenon is an inter- 
mediate planet between the orbits ol l\Iais and Jupiter, 
and ap[iears ^is a st.ir of the iSth maj^jiitude. Tln> planet 
has been named Cen^ FenlujuhJ jy by the diseovcrer, 
though some astTonoiiiers call it Puizziy alter that g(‘n(lc- 
uicufs own name, and whicii perluijjs \\ou’d In the best 
way of naming and d.islinginshiinc a 11 the new planets. 
This planet is but ol veiy small si/i', it^. app.arent diameter 
being only ahmit a second and j hall, an-, leal di.iineter 
about one-scveiiLli of that ul the railli, ‘>r halt that of the 
moon, or neaily 1000 miles. Its ch>taiKe fiom the sun is 
about 2 limes lii.-t of the earth <.nd tin ec-nlt Iis , and its 
peiiodic time, m i\colVing .oei.nd the ,un, ah>»m 4 rears 
and 2 montli^. 'J he ecceiitr/uty of il oil)»l ’‘j ..hunt ’0304 
of Us mean disiaiii^L. 

The second of plane 0, i .anen /\iflrr', oi 

was accidentally discovered on tic Oi ^darcii 
by JDr^pibcrs, of llremeii, as i-e '’a. looking out for the 
fortner, or Piazzi, which it ameii m‘ ^ mhled when viewed 
with the telescope, a[)peaiifig^ like it , \\ iihouL ciilicr atmo- 
sphere or ^nebula, iiN a fixed star ol tin 7ih or 8th magni- 
tude. Olba'S is much smaller liowevei, and supposed to 
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be but about 140 miles in diameter. It is also thought to 
tnove in an orbit very eccentric, almost like a comet ; 
much so, that though at its nearest distance it be betwi||n 
Mars and Ceres, yet at its farthest distance it goes 
much beyond the latter. Its mean distance from the 
may be aliout 2 and one-tenth that of the earth, which 
places it between Mars and Ceres. 

The third of tlicsc new planets was discovered Sept. I 
1804, at 10 o’clock in the evening, by M. Harding, astro^ 
nomcr at the Observatory of dienthal, near Brc^jicn in 
Germany. It appeared very f.uall, like a star 
magnitude, and whicli he named Juno, though oth^'give 
it more properly the name of the discoverer, after the 
manner of the two former. Observations have ilctennincd 
that the period of tins planet is 5 ] years; the inclination of 
its orbit 21**; its ccccntiicity a quarter of its radius, which 
radius, or mean solar distance, is 3 times that of the eartli, 
or about 300 millions of miles, and consequently is a little 
more than the other two new planets, Piazzi and Oibera, 
those being about 288 millions of miles, and is also neaily 
of tlic same size as tiiose two planets. 

Tho fourth of these new planets was discovered at 
Bremen, March the 29th, 1807, by Dr. Olbcrs, the dis- 
coverer of the 2J new planet also. He gave it the name 
Vesta, but may more appiopriatciy be called Olbcis’ 2d. 
Tins is another of the group of new planets, which rpvolve, 
round the sun, between Mars and Jn|)iter, at nearly equal 
ii^lances troin it, and all nearly equal in size and period. 

is remarkable that several astronomers have formerly 
imagined that some planet would be discovered m the 
large space between the orbits of Mars and Jupiter; a 
prediction winch has been amply fulfilled by the discoveyy^ 
not of one only, but of four planets, in that sp^ce. And 
probably there may even exist many more planets, not 
only in that space, but scattered about among or beyond^ 
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all the other planet aiy orbits, ^vhich may long revolve 
and uncl^covored, by reason of the smallness of 
size. 

§X, 

Of Co7mts. 

Comets are not now conMdered,as they were formerly, 

' to be signs of celestial vengeance; the forerunners of war, 
famine, or pestilence. Mankind in those ages must have 
been i^l^pccdi ugly credulous to imagine, that scourges con- 
very small portion of the globe, which itself is 
but a point in the universe, shouhl be announced by a 
derangement of th(‘ natui.d and immiitalile order of the 
heavens. Neither are comets, as supposed h}^ the greater 
part of the ancient philosophers, and those ^^Ilo trod in 
their footsteps, meteors accumulated in the middh' of tbq 
air. Astronomical observations made at th(‘ same time, iii 
different parts of the earth, have shown that they arc 
always at a distance much greater th.in that even of the 
moon; and consccjuently that tliev htive nothing in com- 
mon with the meteors formed in our atmosphere. 

The opinions entertained by some ani ieni philosophers, 
such as Appollonius the Myndian, »ind particularly Seneca, 
have been since confirmed. According to these philoso- 
phers, comets are bodies as old and as durable as llu* planets 
themselves; their revolutions are rcgul.iled in the same 
manner; and if they are seldom scon, it is because they 
perform their courses in such a manner, that in a part 
^their orbits they are so far distant from the earth as to beU 
come invisible; so that they never appear but when in the 
hwet part of them. 

Newton and Halley, who pursued the same path, have 
proved by the observations of different comets, which ap- 
peared in their tim»*, that they describe elliptical orbits 
i^rMtid the sun, which is placed in one of the foci ; and 

VOL. 111. L 
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that the only diflcrence between tliese orbits and those of 
the planets is, that the orbits of the latter are 
circular, whereas those of comets arc very much elongated* 
in consequence of which, during Ji part of their cour^f, 
they approach near enough to our earth to become visibi?^ 
but during the rest they recede so far from us, as to he 
lost in the immensity of space. These two philosophers 
have taught us also, by the help of a small number of 
observations, made in regard to the motion of a comot^ 
how to determine the distance t which it has passed, or 
will pass, the sun; well as ne period when its 

least distance, and its phace in the heavens for any given 
tune^ Calculations made accoiding to these principles 
agree in a surprising manner with observations. 

The modern philosophers have even done more: they 
have determined the periods of the return of some of these 
Comets. Tile celebrated Dr. llalJey, considering that 
comets, if tJiey move in ellipses, ought to have periodical 
revolutions, because these curves return into themselves, 
examined with great care the observations of three comets^ 
which appeared m 15S1 and 1532, 1607, and 1682; and 
having calculatc<l the position and dimensions of. their 
orbits, found them to be neavlv the same, and conseqmpntly 
that these comets were only one, the revolution of which 
was completed in about 73 years: he theieforc ventured 
to predict that this comet would re-appear in l75i<, or 
1759 at latest. It is well known that tins prediction wa$ 
Tpftificd at the tune announced ; hence it is certain that. 

comet has a periodica) revolution around tiie sun, in 
75 years and a halt. According to the dimensions -of its ' 
orbit, determined by observation*^, ifs least distance from 
tlie sun is oi the semi-diamcter of the earth’s orbtt^ 
it afterwards recedes to a distance which is eqi^al to 
of these stini-dianieters ; so that its greatest elongafioa 
from the sun, is about four times as great as that ot 
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The inclindbtioii of its orbit to the ecliptic, i'? 17® 4(7, in 
proceeding from 23® 45' of Tiiurus to 23° 45' of 
, S^^pioi 

. ft^^^here are still two comets, the return of which is ex- 
with some sort of foundation; viz, that of I55f>, 
expected in 1848; and that of 1680 and 1681, which it is 
supposed, tihougli with less confidence, wdl re-appear 
about 2256. The latter, by the circumstances which at- 
tended its apparition, seems to be the same as that seen, 
according to history, 44 years before the Christian tera, 
also^'^l , and in 1 106 ; for between all these periods there 
is an ii^crval of 575 years. There is reason therefore to 
suppose that this comet has an orbit exceedingly elongated, 
and that it recedes from the sun about 1 35 times 1 he distance 
of the earth. 

What IS very remarkable also in this comet is, that in 
the louer part of its orbit it passed very near tins snn;^ 
that is, at a distance from its surface which scarcely ex* 
ceeded a sixth part of the solar diameter; licnee Newton 
concludes, that at the time of its passage it was exposed to 
a heat 2000 times greater than that of red-hot iron. This 
body therefore must be exceedingly cumpacl, to be able 
to resist so prodigious ta heat, which there is reason to 
think would volatilize all the teirestnul bodies, with which 
we are acquainted. 

At present there are near 100 comets, the orbits of which 
have been calculated ; so that their position, and the least 
distaaco at which they must pass the sun, arc known# 
^When a new comet therefore shull appear, and describe 
tile same, or nearly the same path, we may he astiured that 
it is a comet which has appejired before: we shall then 
know the period of its revolution, and the extent of -its 
axis, which will determine the orbit entirely: in short we 
sbali be enabled to calculate the times of its return, and 
other circumstances of its motion, in the same manner as 
those of the other planets. 

^ * fj 
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Comets have thi:» in particular, that they are often ac^ 
companied by a train or tail. Tiiese tails or trains arj 
transpaieiit, and of gi eater or less extent; some have b^n 
seen which were 45, 50, 60, and even 100 degrees^ dll 
length, as was the case with those of tlie comets vvhi^l 
appeared in 1618 and 1680. Sometimes however the tail 
consists meicly of'ii sort of luminous nebula, very littlp 
extent, wlncli surrounds the comet in the fSrm of a ring, 
as %vas obsetved iii the comet of 1585: it frequently 
happens that tliese tails cannot seen unless the heavens 
be exceedingly serene, and lice from vapours. The 
celebrated comet, which retained about the end of the 
year 1758, seemed at Pans to liave a tail scarcely 4 de- 
grees in length; whereas some observers at Montpelier 
found it to be 25°; and jt appeared still longer to others 
at the Isle of Bourbon. 

In regard to the cause which produces the tails of comets, 
there are only two opinions which seem to be founded on 
probabilitv. According to Newton, they are vapours 
raised by the heat of the sun, when the comet descends 
into the inferior regions of our system. It is therefore 
observed that the tail of a comet is longest when it has 
passed its perihelion; and it always appears longer the 
nearer it approaches to the sun. But tins opinion is at. 
tended with considerable difficulties. According to M. de 
Mairan, these tails are a train of the zodiacal light, with 
which comets become charged in passing betw^eeii the 
earth and the sun. It is remarked that comets which do 
not reach the earth’s orbit, have no sensible tail ; or are at 
most surrounded by a ring. Of this kind was the comet 
of 1585, wliicli passed the sun at a distance greater than 
that of the earth; the comet of 1718, winch passed at a 
distance almost equal to tliat of 1721), that is at a distance 
nearly quiulruple; and that of 1747, which passed at a 
distance more than double. It is indeed true, that the 
comet of 1664^ wdiich passed at a greater distance from 
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the son than that of the earth, appeared with a tail, but it 
was of a moderate size; .uid a-, the il [stance of its peri- 
hiehon was very little nion^ than t^at ot ilie eartli fi oin the 
lijii, and as the solar at i no's |’> here extends MMtu tintes be- 
yond the earth's orbit, no oi)jection of any groat weight 
can thence be made, in opposition to the opinion of M. <lc 
Mairan. 

We shall remark, in the last place, that ^^Inle the other 
planets perform tlieir rerolntions in oihits veiy little in- 
clined to the eelijitic, and proceed in the same direction, 
comets on the other liand move in orlnts, tfie inchiiatiori 
of which to tile ecliptic amounts even to a nL>ht angle. 
Besides, some move neeoiding to the order fd llie signs, 
and are called direct, others move in a tontrary direction, 
and are called refro^rjde, I'hese mutif»ns being combined 
with that o( the earth, give them an appearance of iiregn* 
larity, wliicli may servo to excuse (lie ancients for having 
been in an error icspeeting the nainie of tliese hoiaes. 

It has boon already saul tiiat therii are some comets 
which pass very near the (*..Mth; and lumce a c ^tastiophe 
fiital to onr globe might some dav take place, had not the 
Deity, by particular eircumstanees, provided against any 
accident of the kind. 

A comet, indeed, hke that of ttlncli pissed at a 

distance from the sun only greater l)v about a 1/Oth than 
the radius of the earth’s orbit, slnadd it ex[)erioncc any 
derangement in its comse, might I’all against the eartli oj;, 
the moon, and perhaps rairy a^^ay from us the iattei. As 
a multitude of comets descend into the lourr regums of 
our system, some of them, in ilieir course tou arils tfie sun, 
might pass so near the orbit of om earth, as to threaten 
us with a similar misfortune. But the lULlination of the 
orbits of comets to the ecliptic, an Inch is exci cdmgly 
varied, seems to havi=^ been estiblished by tlie De ity to 
prevent that effect. It would be a curious calculation to 
determine the least distances at which some of these cornets 
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pass the earth : we should by these means be enabled to 
know those from which we have any thing to apprehend; 
that is, if It could be of any utility to be accpiaintcd with 
the period of such a catastrophe ; for where is the ad- 
vantage of foreknowing a danger vrhich can neither be 
retarded nor prevented ? 

An hlnglish astronomer, who possessed rnorp imagination 
and learning, than svinndness of jndgineiit, the celebrated 
Winston, entertained an opinion that the deluge was oc- 
casioned l)y the eaitli\ meeting willi the tail of a comet, 
which fell down upon it in the ’.am of vapours and rain : 
he advanced also a conjecture, that the gfiiicral conflagra- 
tion, which according to the Sa^Tcd S(Ti])tiires is to pre- 
cede the final judgment, will be occasioned by a comet 
like tliat ol 1681; which returning from the sun, with a 
heat two or three thousand times greater than that of red- 
hot iron, will approach so near the eartli as to burn even 
its juLcnor parts. Such assertions are bold; but they rest 
on a very weak foundation ; and in regard to a general 
deluge, occasioned by the tail of a comet, we need be 
under very little apprehension on that head; for if we con- 
sider tiio exlrerne tenuity of the ether in which the comets 
float. It may be readily conceived that the whole tail of a 
comet, even if condensed, could not produce a quantity 
of water siiflicient for (he elfcct ascribed to it by Whiston. 

Cassini tliought he observed that comets pursue their 
couise in a kiiul of Zodiac, which be even denoted by the 
following verses; 

Antinoas Pegasu'^que^ Andromeda^ Taurus^ Orion^ 

Procijon atquc Ilj/driu^ Ctntuurus, Scorpio^ Arcus^ 

Rut the observations of a gieal number of comets have 
shown that this supposed Zodiac of comets has no reality. 
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§ XI. 

Of ihc Fixed Stars. 

' As it now remains for us to speak of the fi\cJ stars, we 
fihall here collect every thiiv^ uu),,l curious in the modern 
^istronomy on this subject. 

The fixed stars may be e«isiiv distinguished from tl 6 
planets. Tlie former, ai least lu oiu climates, and wlien 
they are of a ceitam nugmlude, have i “splendour accom- 
panied with a tw inkling called st ij^tdlafioiu IJut one tiling 
by wduch the)’ aie particulaily <listinguishe(l is, that they 
do not change l!icu place iii regaid to each othei, at least 
in a sensible manner: they an tfierefore a Kind of fixed 
points in the heavens, to w Inch astionoinei s have aUvuy.s 
referred the pcjation^ of the moving bodies, siuh as the 
moon, the planets, and the comets. 

We have s.ud that the lixt-d stais m our climates exhibit 
a sort of ivvmkhng. Tiii'* phennmenon si*ems to depend 
on the atuiO‘>p!iere; lot weaieas-nud ihut m cer^l)n parts 
of A-ia, where the air is exeeedinglv puie and dry, as at 
liender-Abassi, the stais have a liglil absolutely fixed ; and 
that the ^cmnllatioii is never observed, (xcej i when the 
air is charged \Mtli moisture, as is the case m winter, 
l^fiis ol>ervatK)n nt M.Gardu, which was pulilislied in 
the History of tin* Academy of Scieilces lor 174'i, deserves 
to be fartlier examined. 

Tlie distance bc^tween the fixed stars and the earth is so 
immense, that the diameter o( the earth’s orint, which is 
190 millions of miles, is in comparison of it only a poiOt; 
for in whatever part of its orbit the earth may he, the ob- 
servations of the same star show no diflerencc in its aspect; 
so that it has no seriMble annual parallax\ Some astrono- 
mers however assert tliat they discovi red, in certain fixed 
stars, an annual parallax of a fi'w ^e(onds. CasMni, in a 
memoir on this [>arallax, says he observed m Arctnrus an 
annual parallax of seven seconds, and in the star called 
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Capclla, one of eight. This would make the distance of 
the sun from the former of these Sfers equal to about 
20250 times the radius of the earth’s orbit, wliich, being 
95 millions of miles, would give for that distance 
19237500000000 miles. Between the fixed stars and the 
Georgian planet, which is tlic most distant of our system, 
there would therefore remain a space equal to more than 
10000 tmies the distance of that planet from the sun. 

Placed at such an immense distance from ns, what can 
the fixed stais l)e but immen;iC bodies, vliich shine hy 
their o\ui light; in shoit, suns '^imIlar to that Avliicli 
alTords us heat, and around whii » our eartb performs its 
revolutions? it is ver}^ prohabh also that tlicse suns, ac- 
cumulated as wc may say on each othei, have the same 
destination as our:^, and are the centies of so many 
planetary systems, they vivify and illuminate. It 

would howevcT he ridiculous to form coujcclurcs respect- 
ing the nature of the beings by which thi‘se distant bodice 
are peopled; hut of \\luitc\cr kind tliey may be, who can 
believe that our earth, or our systiuii, is the only one in- 
habited by beings capable of enjo\ing the pleasure which 
arises fiom the contemplation of such noble works? Who 
can believe that an imnicn-.e wliole, a creation almost 
without bounds, sliould b«uc been formed lor an imper- 
ceptible point, a quantity infinitely small? 

The apparent diameter of the fixed stars is in no manner 
magnified by the best telescopes; on tlie contrary, these 
installments, while tla y increase their splendour, seem to 
diminish their magnitude so much, that they appear only 
as luminous points; but they show in the heavens a mul- 
titude of other stars, which cannot be observed without 
their assistance. Galileo, by means of Ins telescope, which 
was far iiilenor to those now employed, counted in the 
Pleiades 3fi stars, invisible to the naked eve; in the sword 
and belt of Orion 80; in tlic nebula of Orion’s head ^1, 
and in that of Cancer 36. Father dc Rlieita says, he 
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counted 2d00 in Orion, and 188 \n thi* Pleiado'?. In that 
part of the Austral honiis])her(‘,eomj>relicndi <1 between the 
pole .iOil the trojih', the Abbe Je la (\ii!le ohsei veJ more 
than GOOO of lh( 7ih inagint'Kle, tliat is to .sjv pei eeptible 
W'ith a goovl telesc(>|)(‘, ej a loot in length, a !(>in:;er tele- 
scope show's others appaientiv more ih^t.int, and so in 
prooiession peiliups without end. V\"iiat iiniiiensity in 
the woiks of the C'le.itor! And how' much reason to ox- 
claim vMth the iVdmisl . I’he heavens decliUe tlie ^lory 
of God, and the iiiin.uiK'nt sheweth his haiivU uoik !” 

The fixed stais seem to have a common and general 
motion, bv winch the\ revrilve around t!ic [lole of the 
cchptie, at the late o( a dei^iee in 7- NtMi^. It is in con- 
seijuence of tins motion that the eonsit ll.n lo.r. oi tlu‘ zodiac 
have all changed tluii positions. Aiie^ oeeupies the place 
of Taurus, the lattin that of Gemini, and so of th(' lest; so 
tliat the consU'llatJons or sij^ns h ivi advanced about 30 
degrees beyond the divisions of the /vxliae to wdiu li they 
gave uamob. But this motion e. onlv ap|)ai<*n% and not 
real; and arises from the erpiinoLtial jxnnts going back 
every year al)out 51 se< iinds on the ecliptic, llie ex- 
planation of tins phenomenon howevei is of si .li a nature, 
as not to come within the object ol this woik. 

It has always been believed that the h\ed stais have no 
real motion, or at least no othei tn'an that by winch they 
change their longitude. But it has been disf oiercil, by 
the very accurate obstn vatioiis ol modern 'istronomers, 
that some of them have a small mol urn peeuluo to them- 
selves, by which tlicy slowly change their jd.itos Thqs 
Arcturus, for example, ius a motion by which it ap- 
proaches the cclijJtic about 4 minutes every i(X) years. 
The distance between this star and another veiy small one, 
in its neighbourhood, has been sensibly changed in the 
course of the last century. Snin. also seerns to have a 
motion in latitude, of more than 2 minutes per century^ 
by which it recedes from the ech[)tic. A similar motion 
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has l)een ohserved in Aldebaran or Bull’s Eye; in 
Ki<»cl ; HI the eastern shoulder of Orion ; in the Goat, the 
8ce. Some others seem to have a peculiar motion 
in a dnectioti parallel to the equator, as is the case with 
the bnliiant sUir in the F/tqle; for in the course of 48 
years it hci*» appronclied oiie star in its neighbourhood 13 ", 
and receded from another 48"'. All the stars perhaps are 
subject to a sinni.u motion ; so that in a senes of ages the 
lieavens will alford a spectacle very ddTerent from ^that 
they do at present. So true it is hc.t nothing in the uni- 
verse IS pci manent ! — In regard t(' lie cause qt this motion, 
liowever astonishing it may at lust seem, it will appear 
less so it it be iccollectcd that it has been demonstrated by 
Newton, that a wliole planetary system may liave a pro- 
gressive and unifoiin motion in space, wiiliout the par- 
ticular motion of the diiferent parts being thereby disturbed. 
It needs therefore excite no surprise that suns, as the fixed 
stars are, should h.ivc a motion ol their ou n. The state of 
rest being of on(‘ kind only, and that of motion in any di- 
rection being infimtelv varied, we ought laitiei to be asto- 
nished to see tliem absolutely at rest, tlian to discover in 
them any movement. 

But these arc not tlie only phenomena exhibited to us 
by the fixed stars; for some have aiipcared suddenly, and 
afterwards disappearcil. The year loT2 is celebrated for 
a phenomenon of this kind. In the month of November 
of that year, an exceedingly blight star suddenly appeared 
in the constellation of Cassiopeia: Us splendor at first was 
equal to that of Venus when in Us perigeum, and then to 
that of Jupiter wiicn he exhibits the greatest brightne.ss; 
three months after its appearance it was only like a fixed 
star of the first magnitude: Us splendor gradually de- 
creased till the montli of March 1574, at which time dt 
entirely disappeared. 

• There are other stars which appear and disappear 
regularly at certain periods: of this kind is that in the neck 
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of thf^ \\fhvn in lU state of ^^rcalcst brightness it 

is itiM' ' to a st.n of the second miigriitiidc; it re- 

tains tlM> spleralor (oi about fdteen clays, alter which it 
become^; faintei, «ind at length disajipcuis : it then re- 
appears, ami atuiins to its greatest spiemlor, after a period 
of abont 330 days. 

The constellation of llic Swan exhibits two phenomena 
of the same kind ; lor in the breast of the Swan there is a 
star which has a jkmuxI of KS rears, dining 10 ol whicli it 
is invisible: it tla'ii ap[)ears lor 5 \iMrs, varying m ils 
magiutinle and splendor. Another, which is Situated in 
the neek near the bill, has a period ol about 13 monllis. In 
the same constellation a star was observed iit^loTOand 107 1 ^ 
which <lisap))cared in 167‘2, and has nevei since been seen. 

Hydra al?»o has a st.u of the same kind, wim h is attend- 
ed \Mth this icmaikabki circumstance, that it appears only 
4- months; after whiofr it remain, invisible for 20, so that 
its period is abont two years. 

In the last place, some st<irs se(‘m to ha'c‘ become ex- 
tinct since the time of Ptolemy; loi he eammerates some 
in his catalogue wlucli are not now to be seen: otjiers 
have changed their nuignitnde ; this diminution of si^e u 
proved in regard to several ot the lixi, d siar'» ; among thin 
number may be clas^c‘d the star n in the J^agie, which at 
the beginning of the last century was the sc'Cond in 
splendor, but which at present is scarcely of the third 
magnitude. Of this kind also is a star in die left leg of 
Serpentarius or Ophuiclius. 

It now remains that we should say a few words respect- 
ing those stars called nebulie. Tliey are distingiushed by 
this name because, when seen by thc^ naked siglit, they 
up pg ay only like a small luminous cloud. I here arc three 
kinds of them. Some consist of an accumulation of a 
great number of stars, crowded together, arul as it were 
beaped 'upon each other; but when viewed through a 
telescope, they are seen distinct, and without any nebulous 
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appearance. Among these is the faniouy^ebiila of Cancer, 
or the prresfpe Cancriy forming a collection of 25 or 36 
star*^, which nidy be counted by means of a telescope. 
Similar groupes may be seen in various parts of the 
heavens. 

Other nebulae consist of one or more distinct stars, but 
accompanied or surrounded bv a whitish spot, through 
which they seem to shine. There are t\\o of this kind in 
Andromeda ; one in the girdle, and another smaller about 
a degree farther south than tlie fort 'cr. Of this kind also 
is that in the head of Sagittarius ; at between Sinns and 
ProciOM ; that in the tail ol the Swan; and three in Cassi- 
opeia. It IS probable that our sun .ippears untler tins form, 
when seen irorn the ncighhourhoovl of those fixed stars 
which aic siluated towards the firolongation of his axis; 
for he has around him a lenticular anel luminous atmo- 
sphere, which extends nearly to the earth. The abbe de 
la Gallic counted in the Austia liemispheie fourteen stars, 
siUTOunded in this m.inner Mitli nebulosities ; but the most 
remarkable appearance of iliis kind, is that of the nebula 
in tlic sword ol Oiion; for, when Mewed tiirongh a tele- 
scope, it IS found to be lorincd of a whitish s[)ot, nearly 
triangular, and coiiiaining seven stars, one of winch is itself 
surrounded by a sm*il! i loud, hnghtei than the rest of the 
spot. One IS almost ineiined to belu vi* that this spot has 
experienced some aUeration since the time ol Huygens, 
by whom it was discovere I. 

The thud kind of nehuliv arc composed of a white spot, 
in which no siais are seen wlien viewed with the ♦elcscope. 
Fourteen of tins kind are found in the Austral hemisphere, 
among winch tlie celelirated spots, near the South pole, 
called by sailors the Magtlltmic cloudSy hold the first rank. 
They are like small detached portions of the milky way.' 
But It mav be thought an ciror to asciibe the splendor of 
that part of -the heavens to small stais accumulated there 
in a greater multitude than any where else ; for it does hot 
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contain a numberi^yisiblc by common telescopes, ^ifficient 
to produce tliat effect ; aiifl there arc portions of the milky 
way no less brilliant than tlie rest, though no stars are 
observed in them, unless with tlie very highest improved 
instruments. 

Respecting the milky \^ay, notlimg certain is known; 
but \<Q may eonjecture, not without probability, that it 
consists of some matter, similar to that of the solar atmo- 
sphere, and ^^hlch is diffused throughout that celestial 
space*. If our whole system ind(‘ed were filled with a 
similar mattci , it would exhibit to the neighbouring fixed 
Stars the same apeaiance a^ the milky uay. Hut why arc 
all these systems, with winch that part of the heavens is 
interspersed, lillcd witli this luminous matter? To this 
question no answer certainly can he given. 

We shall here remaik, that the lamoiis new star in 
Cassiopeia had its origin in the milky way, and was per- 
haps formed by a prodigious quantity ol tins luminous 
matter being precqiitated on some centic. Hcc it is more 
difficult to explain why, tind ni what manner, the star dis- 
appeared. This origin ol I lie new star nia' acr|inre some 
probability, d tt be tiuc that m the p.nt c)l tne milky way 
where it was seen, thcic is a vavnily similar to the other 
parts of the lieaveiii. 

^xn. 

Recapitulation of what has bwn ^aul irspccima tiu. SjjstCM of 
th'‘ I nn ( ' 

We shall terminate this chajiter a lainihar com- 

parison, calculated to sho\^ , h) kmi\i n and common mea- 
sures, the small space which our planetary sy-^tem occupies 
in the immensity of the iinivc«'>e; and liic poor Itgun*., if 
we may be allowed the expression, wlncii out earth makes 
in it. This consideration will no doubt serve to liumble 

• Dr. Hmchd, wc sup^VhC it is a far exU d btratum of 

«Urs, by us seea edgeways. 
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tbGse pfiroud beirigs, who, though theyoOccupy but an in* 
finitely small portion of this atom, have the vanity to think 
that the universe wail created for them. 

To form an idea of our system as compared with the 
universe, let us suppose the sun to be in Hyde Park, as a 
globe of 9 feet 9 inches diameter : the planet Mercury will 
be represented by a globule of about ^ of a line in diameter, 
placed at the distance of 37 feet. Venus will be a globe 
of little more than a line in diameter circulating at the 
distance of 68 feet from the s; me centre: if another 
globule, a line in diameter, be pla *.d at the distance of 95 
feet, it will reprehent the earth, that theatre of so many 
passions, and so much agitation; on tlie surface of which 
the greatest potentate scarcely possesses a point, and 
where a space often imperceptible excites, among the ani* 
malcula that cov er it, so many disputes, and occasions so 
much bloodshed. Mars, which in magnitude is somewhat 
inferior to the eartli, will be represented by a globule of a 
httle less than a line in diameter, and placed at the distance 
of 144' feet; Jupiter bv a globe 10 lines in diameter, 490 
feet from the central globe ; Saturn about 7 lines in di- 
ameter, at the distance of about 900 feet ; and the Georgian 
planet, 4 lines in diameter, at the distance of 1800 feet. 

But the distance from the Georgian planet to the nearest 
fixed stars, is immense. The readtr may perhaps imagine 
that, according to the supposition here made, the first star 
ought to be placed at the distance of two or three leagues. 
This IS the idea which one rniglit form before calculation 
has been employed; but it is very erroneous, for the first, 
that IS to say the nearest star, onglit to be placed at the 
same distance as that between London and Edinburgh, 
which is more than 300 miles, Sucli tbfen is the idea which 
we ought to have of the distance between the sun and the 
nearest of the fixed stars ; and there is reason even to think 
that it is much greater, for ^ve have supposed, in this 
calculation, that the parallax of the earth's orbit is the 



RECAPITULATIOIC* ^ 


159 


same a$ the horiZO^jUil parallax of the sutl", that is to say 
8-5", But it is probable that this parallax is much less; 
for it can hardly be behoved that it Could have escaped 
astronomers had it been so great. 

Our solar system then, that is, the system of our prim^iry 
and secondary planets, which circulate around the sub] is 
to the distance of the nearest hxed stars, almost as a circle 
of 1800 feet radius, would be to a concentric one of 300 
miles radius; awd in tlic first circle oui earth would occupy 
a space a line in diametcM*, appeal mg like a gram of mustard 
seed. 

Another comparison, proper to convey some idea of the 
immense distance between the sun, which is the centre of 
our system, and the ne«irest of the nt ighboiin ng bodies of 
the same nature, is as follows: It is well kno\\n that the 
velocity of light is so great, tliat it pusses over the distance 
between the sun and the eartli in ulxiut half a (piarter of 
an hour; in a second and a half it would go to the moon 
and return, or rather it would go tifieen times round the 
earth in a second. What time would light tiicn employ in 
coming to us from the nearest of the stars? — Not less than 
108 days ; or il tlie annual parallax be only 2 or 3 seconds, 
which appears very piobable, it would require a yi^ar and 
more. 

What immense distance then between this inhabited 
point and the nearest of its neighhours ' Is it ik‘ 1 probable 
that in this vast interval theie an* ])ianets will re- 

main for ever unknown to the human species? 

Modetn astronomy indeed ha^- discovined that tliis space 
is not entirely desert: it is now known that about a 
hundred comets move in it, at greater or Ic'.s distances, 
but do not penetrate to a ver> great depth. Those of 
1531, 1607, 1682, and 1759, the only ones the periods and 
orbits of winch are know n, do not immeigi* farther than 
about 37 j times the radius of the eaiih’s oihii, or lour 
the distance of Satuin from the sun. If tliat of 1681 
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his a revolutioff of 575 yeUjTs, as siipj^ed, it must recycle 
from us about 130 times the distance of the earth from the 
tun, or about 14 times that of Saturn from the same body ; 
Kvhich is only a point when compared wuth the nearest of 
tbif fixed stars. Jjut tlieie are comets perhaps which per- 
fortn their revolution only in 10000 years, and which 
scarcely approach so near the sun as Saturn : in that case 
these would ])enetiate into the immense space wliich sepa- 
rates us fiom the first ol the fixed stars, as far as a fiftieth 
part of Its depth. 

Those desirous of setting a gr< at many curious conjec- 
tures respecting the system of the universe, the habitation 
of the jil.inets, the number of the comets, &c, may consult 
a ^vork by M. L.nnbeir, memlier of the royal Academy of 
Berlin, entitled SijsUme dii Mondvy Bouillon 1770, 8vo. 
Every one almost is acquainted with the Pluralitc dcs 
Mojides of Fonteiieile; the Coi>motheoros of Huygens, the 
Sommum of Kepler, and the Itev extaticum of Kircher. 
The first of tliesc, the Plunditi dcs Mojtdes, is an ingepious 
and pleasing woil., but a little too aifected. The second 
is learned and profound, and, like Kepler^ Somniuin^ will 
please none but Astionomcrs. In legaid to the last, how'- 
ever much we umv esteem the memory of Kirehcr, it can 
be considered in no other light, than as a pioduetiou alto- 
gether pedantic and ridiculous. 


CHAPTER HI. 

Of Chrofwlo^y, and various Questions relating to that 
Subject, ^ 

All polished nations kec}) an account of the time which 
has elapse^!, and of that which is to come, by means of 
|>eriodsthat depend on the motions of the heavenly bodies; 
and this is even one of those things which distinguish man 
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in a state of civilization, from man in t^a^'animal and $a* 
vage state: for, wll8|e the foiiher is enabl(3d at43very mo- 
ment to count tluit part of the duramen of his existence 
which has elapsed ; to foresee, at an assigned period, the 
recurrence of certain events, labours or duties ; the latter, 
though in some measure happier, since he enjoys 
sent without recollecting the past, or anticipating the 
future, cannot tell his age, nor foresee the period of the 
renovation of his most common (X'ciipations : the most 
striking events of uhich he has been a witness, or in which 
he has had a share, exist in Ins mind only as past : nhile 
the civilized man conn<*cts tliem nith precise periods and 
dates, by winch they aic anaiiged in tlicir proper order. 
Without this invention, every thing liilherto done by man- 
kind would have been lost to us; there would he no his- 
torical records ; and men, whose existence in the social 
state requires the united efforts of its dilFcrent me mbers in 
certain circumstances, could not employ that connirrencc 
of action which is necessary. No real civili7 d society 
therefore can exist without an agreement to count Lime in 
a regular manner ; and hence the origin of clironology, 
and the various computations of lime empl»>}ed by dif- 
ferent nations. 

But, before we proceed farther, it \m 11 be proper to 
present the reader with some definitions, and a few his- 
torical facts, neccssaiy for comprehending the ([uestinns 
which will be propo.^ed in the course of this aitick*. 

There are two kinds of year employed by diflerenl na- 
tions ; one of which is regulated by tlu course of the suii, 
and the other by that of the moon. The first is called the 
solar, and the second the lunar year. I'he solar year is 
measured by a revolution of the sun through the ecliptic, ^ 
from one point of the equinoctial, that of tlie vernal equi- 
nox for example, to the same point again ; and, as already 
said, consists of 365 days 5 hours minutes. 

The lunar year consists of twelve lunation-; and its 

VOL. III. 
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#iratioii is 354' cJays 8 hqiip 4^ niirni|^s 3 secGiids. Hence 
it followr that the lunar year is about 11 days shorter than 
the solar ; consequently, if a lunar and a solar year cewn- 
incncc orf the same day, at the end of three years the com- 
n^xiicciuent of the former will have advanced 33 days be- 
fore that of tlie latter. The commencement therefore of 
the lunar year passes successively through all the months 
of the solar year, in a retrograde direction. The Arabians, 
and Mussulamsin general, count only by lunar years; and 
the Hebrews and Jews never enr uloyed any other. 

But the most polislicd and ei ’ gbtened nations have al- 
ways endeavoured to combine tlicsc two kinds of year to- 
gether. This the Atlu nians accomplished by means of the 
famous golden cycle, invented by Meto, the celebrated 
mathematician whom Aristophanes made the object of his 
satirical wit; and the same thing is done at present by the 
Europeans, or the Christians in general, who have borrow- 
ed from the Romans the solar year for civil uses ; and 
from the Hebrews their lunar year for tlicir ecclesiastical 
purposes. 

Before Julius Caesar, the Roman calendar was in the ut- 
most contu^llon ; but it is here needless to enter into any 
details on the subject : it will be sufficient to observe, that 
Julius Caesar, being desirous to reform it, supposed, ac- 
cording to the suggestion of Sosigines his astronomer, that 
the duration of the year uas exactly 365 days 6 hours. 
He therefore ordered that, in future, there should be three 
successive years of 365 days, and a fourth of 366. This 
last year was afterwards distinguished by the name of his- 
sextile^ because the day added every fourth year followed 
the sixth of the calends which was counted twice; and bo- 
ti^use, to avoid any derangement in the denomination of 
the following days, it was thence called iw sexto calendas. 
Among tis it is added to the end of February, which has 
then 29 days instead of 28, which is the number it contains 
in common years. This form of year is called die Mian 
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atid the calen^ftr in whn^yb'it is cmp 1 o 3 !^c(l, is callS^ 
the Julian calendar. ^ 

But Julius Caesar was mistaken, when lie considered the 
year as consisting exactly of 365 days f‘ hours, as it con- 
tains only 365 da^^s 5 hours»49 minutes ; and hence itii^l- 
lows tliat the equinox always retrogrades in the^^^Junhn 
year 11 minutes annually; which gives preciselj' 3 days 
in 400 j’ears. Hence it happened that the vernal equi- 
nox, w hich at the time of the council of Nice corresponded 
to the 21st of March, aftci the lapse of al)out 1200 3 "ears', 
that is to sa)’^ in the year 1500, fell about the 1 Ith. Pope 
Gregory xni, being desirous to reform this error, sup- 
pressed, in 1582, ten consecutive days; counting after the 
ilth of October the Cist, and hy these means brought 
back the vernal equinox following to the 2lst of Maich ; 
and, in order that it might never deviate any more, he 
proposed that thiee bissextiles sliould besuppressetl in the 
course of 400 years. For this re.ison the veais 1700 and 
IBOO were not bissextile, thongli they onglit to have been 
so according to the Jiilnan Calendar ; the ease will be the 
same with the year 1*^00, but the year 2000 v dl be liissex- 
tile; in like irianncr the yeais 2100, 2200 and 2100 will 
not be bissextile ; but 2400 w ill ; and so of the rest. 

All this is sufficient, and more 4han sufficient, for the 
solar rear. But the great difficulty of our c.ilendar arose 
from the lunar year, winch it was nccessar\ to (‘oiuhine 
with it ; for, as the Christians had iIhmt origin among the 
^ Jews, they w^ere dcMroii.s of connecting their inosi solemn 
festival, that of Easter, wuli the lunar \ear; becMuse tlie 
Jews celebrated their Passover at a certain lunation, vi/, 
Oti the day of the full moon which immc'diatelv folloived 
tlie' Vernal equinox. But the council of Nice, that 
E)ast^r of the Christians might not concur with tlx* Pass- 
oVer of the Jews, ordained, that the forme i should cele- 
brate their festival on the Suuda\ after the full moon 
wtftttl) sfhovdd take plactxon the day ol the vernal equinox. 

T.t O ^ 
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(#which should irhmedial^y follow it. Hence 1ms 
the necesirfty of forming periods of lunations^ that tlie day 
of the new or full moon may be found with more facility, 
iti order to determine the paschal moon. 

The council of Nice supposed the cycle of Meto, or the 
gbldei]^. number, according toAvhich 235 lunations are pre* 
ciseiy e^ual to 19 solar years, to be perfectly exact. After 
the period of 19 years therefore, the new and full moons 
ought to take place on the same days of the month. It 
was thence easy to determine, in ^'ach of these years, the 
place of these lunations ; and t) was what was actually 
done by means of the epacts, as shall be hereafter explained. 

But in reality 235 lunations arc less, by an hour and a 
half, than 19 solar Julian years; whence it happens, that 
in 304 years, the new moons retrograde a day towards the 
commencement of the year ; and consequently four days 
in 1216 years. On this account, about the middle of the 
l6th century, the new and full moons had anticipated, by 
four days, their ancient places ; so that Easter was fre^ 
quently celebrated contrary to the disposition of the coun-* 
cil of Nice. 

Gregory xiii undertook to remedy this irregularity by 
an invariable rule, and proposed the problem to all the 
mathematicians of Europe ; but it was an Italian physician 
and mathematician, who succeeded best in solving it, by 
a new disposition of the epacts, and which the church 
adopted. This new arrangement is called the Gregorian 
Calendar, It began to be used in Italy, France, Spain, and 
other catholic countries, in 1582. It was soon adapted^ 
at least in what concerns the solar year, even by the pro*- 
testant states of Germany ; but they rejected it in tegattl 

the lunar, and preferred finding the day of the^pasehal 
full moon by astronomical calculation: the Roman Ca- 
tholics tiierefore do not always celebrate Easter at the 
same time as cnc Protestants, in Germany, The En^fiish 
were the most obstinate in rejecting the Gregorian year^ 
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and almost for the same reason^ !i;^]|ncb maile them long cUm 
elude Peruvian bank from their pharmacopeia?^ that is to 
say, because they were ludobtui iVi it to tiie Jesuit^): but 
they at length became sensible that whatever is good in 
itself, and useful, t nglu to be received, were it even from 
enemies; and t e cvMiforined to the method of cooiputSng 
time emph * m the le-^t of Europe. This chail(?e did 
not take p u\^ till the year 1752. Before that period, whoa 
the French counted the 2lst of the month, the Eiighih 
counted only tlie lOtli. In course o( ages they would 
therefore have had the vernal equinox at Christmas, and 
the wintei at Midsummer. The Russians aie the only 
people of Europje who still adhere to the Julian Calendar : 
their Papas hate the Roman Catholic pnests as much as 
the English did a Jesuit, 

After this sboit histoncal sketch, we shall now proceed 
to the principal problems of chronology. 

reoiu i M 1. 

To Jind whether a given ^car be liissertilc or not ^ that is 
to saj/^ Xihethet it consists of 3b6 dayi^. 

Divide the numbci winch indicales the givt n year by 
4, and if nothing remains the yeai is bissextik • if there 
be a remainder, it shows the numl ,er v)f the }(ar current 
after bissextile. We shall litre propose, as an t xample, 
the year 177 J-. As 1774 duided by I leaves 2 for re*- 
mainder, we may conclude tliai the jear 1774 was the se- 
cond after bissextile. 

To this rule howe\er there are some hnntations. 1st. If 
the year is one of the centenants posterior to the reforxna-* 
tion of the calendar b> Gregory xiu, that is to say 1582, 
it will not be bissextile unless the number of the centllr^ll|K 
which it denotes be divisible by 4 , thus 1600, 2000, 2400, 
*S800 have been, or will be bissextiles ; but the } ears 1700, 
1800, 1900, 2100, 2200, 2300, 2500, 2600, 2700, were 
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net, or will not be l)isse3^til^s, for the reason already n^en- 
tioned. ^ 

2cl. If tlie 3 ^ear be centenary, and anterior to l^'>d2,but 
without being below 474, it has been bissextile. 

3cl. Between 4.)9 and 474 theie was no bissextile. 

4th, There Mas none among the first six years of tlie 
Christkn w\d, 

5th. As the fiist bissextile after the Christian aTa was 
the seventh year, and as the bissextiles regularly followed 
each other every four years till 4^9 ; when the given year 
is between the 7th and the 459tl ‘trst subtract 7 from it, 
and then divide it by 4 ; if nothing leinains, the year has 
been bissextile ; but if there be any remainder, it will show 
what year alter bissextile the proposed ^ear \va». Let the 
proposed ^ear, lor example, be 148: d 7 be subtracted, 
the jemamder is 111, winch divided h) 4, leaves I for re- 
mainder , (onseqiumtly the veai 148 of the Christian STa 
was the liist after hisstxtilt. 

Oj the Golden 2\imherinul Lunai Cycle, 

Tlie golden number, or lunar eyd*', is a revolution of 
19 solar 3 "ears, at the end ol which the sun and moon re- 
turn very iu*arly to tlie same position. The origin of it is 
as follows. 

Since the solar Julian veai, as aheady said, consists of 
3^5 days 6 hours; and as the duration of one lunation is 
29 days 12 hours 49 minutes; it has been found, by com- 
bining these two peiiods, that 235 lunations make nearly 
19 solar years; the dillercncc being only lh31m. It is 
therefore plain that aluu* 19 solar years the lu^vv moons 
9ught to take place on the same days of the month, aixl 
Alji^bst at the same hour. In the first ot these solar years, 
if the new moon happen on the 4th of January, the ddof 
February, &c, ai the end of 19 yeais the new moons will * 
take place also on the 4th of January, the 2d of Febraary^ 
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•Scc; and this will be the case eteriullyy if i'e suppose that 
235 lunations are exactly lo 19 solar f^volutions* 

Hence it is sufhtieni to have once cleteimincd, during 19 
solar years^ the davs of the monih on winch tlic new mooits 
happen; and when it is known what rank a given yeai 
holds in this period, we can miuiediately tell on what^d-js 
of each month the new moons talk "i 

The invention of this cycle.appearcd to the Athenians 
to be so ingenious, that, when pioposed by the astionouier 
Meto, It was received with acclamations, and inscribed in 
the public square in goldtji l( tiers : htiice the name of the 
golden nuiribei. It is distingnislied also by the less pomp** 
ous denomination ol the lunar cjcle, or c}cle ol Meto irom 
the name ot Us inventor. 

VTioiiLi VI n. 

^ To find the Golden NumbD of am/ ^iien t/(ar , <n the lank 
u/uili if holds in t/u Lanai C ijcle 
To the given \(ai add 1, and ditidc tla s a b} 19: if 
nothing remains, the gulden uunibei of ihe givt ri year will 
be 19: but it theic bt a rem undt i, w hicb muU aei cssanly 
be less than 19, il will i)e tlu goldt u jiumbu leqiund. 
Let the given yeai, foi example, bt 11 1 be added 

to 1813, and if tbe sum 1S14 b( dj\idul b\ !>, the re- 
maindci will be 9, winch luclicales that 9 lo tlie golden 
numbei of 1813, oi that this )(ai j the 9ih i»i the lunar 
cycle ot 19 >eais. 

II the year 17‘2S be pioposid, u will Ik found by a 
similar opeiation, that the lemamdei isnoiinng: winch 
shows that the golden number ol that )tai was 19. 

The reason of adding 1 to the gi \ cn j tai , is because the 
first yeaf ot the Christian aera was the second ot thejunar 
cycle, or had two for its golden numljer. 

If any year before the Christian ara be proposed, such 
^ the 2l5th for example, subtract 2 fiom that number, and 
divide 23 the remainder by 19 , if 4 the reiuamdei bo then 
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taken from J9, the result^ii^i^ be the troldcn number of the 
year 25 before Jesus Christ^} winch in this case is 15, 

RExMark.^ — I t maybe readily seen that when the golden 
number of any year has been found, the golden number 
of the following year may be obtained by jldding 1 to the 
former, , The golden number of the preceding year may 
be obtained also by subtracting 1 from the golden number 
already found. Thus, having found the golden number of 
the year 1802, wdiich is 17, by adding 1 to it, we shall have 
18 for that of the year 1803; anJ 1 subtracted from it, 
will give 16 for the golden numbe of 1801. 

the Epact, 

The epact is nothing else than the number of days de- 
noting the moon’s ago at the end of a given year. The 
formation of it may be easily conceived by considering 
that the lunar year, which consists of 12 lunations, is less 
than a Julian year by about 1 1 days; therefore if wx sup- 
pose that a lunar and a solar year begin together on the 
1st of January, the moon at the end ot the year will be 1 i 
days old; for 13 complete lunations, and 11 days of a 
thirteenth, wnll have elapsed; and therefore the moon at 
the end ol the second year, will be 22 days old, and at the 
end of the third 33. But as 33 days exceed a lunation, 
one of 30 days is intei ealaled, by winch means that year 
has 13 lunations; and coii'-equently the moon is only 3 
days old at the end ot the third year. 

Such then is the progress of the epacts. That of the 
first year of the lunar cycle is 11 ; this number is after- 
wards contmiially added, and wdien the sum exceeds 30, 
if ^0 be subtracted, the remainder will be the epact, except 
last year of the cycle, where the product of the ad-» 
dit^n being only 29, the same number is deducted to have 
0 for epact: this aniiuiir.ces that tlio now moon happens 
at the end of that year, winch is also the beginning of 
the next one. The order cf the epacts therefore is 11, 
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*a, S I*, 25, 6, 17, 28 , 9, .m I, 12 , 23, 4, 15, 26, 7, 
18, 29 

T^»is arrangement would have been \y rf'ect and per- 
petual, if 19 fioiar years of 3H5 day's f> hour", had been ex- 
actly equal to 2^5 lunations, as supposed by the ancient 
astronomers; but iinlortiinatcly this is not the case. On 
the one hand, tlie solar year consists only of 365' ‘days 5 
lioiirs 49 minutes ; and besides, 1235 lunations are less than 
19 Julian years by one hour and a half; so that in 304 
years the real new moons are anterior, by one day, to the 
new moons calculated in this manner. Hence it happened 
that in the middle of the 16th century, they preceded by 
four days those found by calculation ; as four revolutions 
of 304 years had elapsed between that period and the 
CJouncil of Nice, at whicli the use of the lunar cycle had 
been adopted for computing tlie time of Easter, it was 
therefore found necessary to coircct the calendar, that this 
festival might not be celebrated, as was oitcii the case, con- 
trary to the intention of that council ; and wito this view 
some changes were made in the calculation of tlie cpacts, 
which form two cases. One of them is tliat ,vhen the pro- 
posed year is prior to the reformation of the calendar, or 
to 1582 : the second is when the years are posterior to that 
epoch. We shall illustrate botli cases in the following; 
problem. 


PROBLEM ill. 

Am/ Year being given , to jmd it a Kpact. 

L If the proposed year be anterior to 1582, though pos- 
terior to the Christian a?ra, wliicli forms the first case ; find 
by the preceding problem the golden uumher for the givcii 
year, and having multiplied it by 11, subtract 30 fronf tbe 
product as many tinies as po'isible : the remainder will bo 
the epact required. 

Let the given year, for example, be 1489. Its golden 
number^ by the preceding pr‘*bltm, is 8, which multiplied 
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by 11 88; and thist,||rpducl: divided by 30 leaves for 

remaindei? 28: the epaetf^of the above year therefore 
was 28. 

In like iTiannei, if n96 be considered as a Julian year, 
that is to sav, i( lho>e who li«i\e not adopted the ncu style 
or reformation in the calendar wished to know the epact 
of thafyear, It would be neie^*>div fust to find the golden 
nunilier, wnieh is 11, this multiplied by 11 gives 121 ; 
and tlie Jauci divided by 30, leaves 1 for lemainder. 
Hence it appt^it. that the i part oi 1796, considered as a 
Julian year, was 1. 

II. We shall now' ^uppose that he given >eai is poste- 
rior to the reformaiion ol the caleiidai, or to the year 
1532;' which I or ms the second ca^c. In this cd*>e, multi- 
ply the golden number bv 11, and from the puiduct sub- 
tract the number of da)s cut off b\ the letormatioii of 
Gregory XIII, that is, 10 il the \cir is httviccn i5S2 and*! 
nOO; 11 between noo and Iuqo, 12 between 1900 and 
2200 &c; divide what lemains alter tins deducLiun by 30, 
and the remainder w ill be the ep.u t required . 

Let It be proposed, foi example, to find the epact of 
the Gregorian }ear 1093, the golden number of winch 
was 3: multiply 3 by 11, and hum 33, the product, sub- 
tract 10: as the rcuicundcr 23 cannot be divided by 30, 
that number was the e[>att ol the veai 109 3. 

If the epact ol tlie yeai i7‘H> v\eie lecpnied, the golden 
number ol winch wxis 11; mulu[>I> li by ii, and fiom 
the product 121 subtract II, winch will leave 110: this 
jiumbci divided by 30, gives loi remainder 20, which was 
the epact of the ye.ii l79o. 

It the epact ol tin* y( ai 18K) wtie lecpiired, the golden 
ot vluth IS 9; multiply 9 by 11, and from tbe 
luct £)‘> siibt lart 11 ; tlie lemainder 8S divided by 30 

» j 

* Whtn tin. ijoltli'n niimUr is 1, if the b*. jKisttuoi to 3900 add 30 
fro it bctorc 50 U mulnply by 11 , and tben piotctd as abuvt direilMl. 
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leaves for reraaindiT 28, \vlnc|^thcrefore is the(‘^act for 
tlie preset j r > ivi i 1 s 1 3. ^ i 

Remarks. — epad accoulHig to the Jnluin calen* 
dar limy be ToliikI witlioot dnision, in the lollowin*^ man- 
ner: Assign to llie upp»'r oyircnntN (>t the llnnub of the 
left hand, the value of 10; to tlie middle joint 20, and to 
the last or lOot 3o, or 1 cither o. Count the gedden luimber of 
the pioposed year on the samethunib, beginning to count 

1 at the extremity, 2 on the middle joint, 3 on the rootj 
then 4 at the extremit\ , 5 on llie joint, (. on the root ; 
and so on, till you come to the golden mimher found ; to 
which, i( It lalls on the loot, nothing is to be .idded, be- 
cause the value a^slgned to it vas 0 but if it falls on the 
extreimly add 10 to it; and li 011 the middle joint 20; 
because these weie the values assioned to tlu'in. The 
sum, if less than 30, will be tiu c[)act recpiired ; d greater 

|than 50, subtract 3u from it and (he n maindei uill l)e the 
epact. 

Thus, if tlie epact of weie reijuiK'd . a^ the golden 
number of that year was 8, count 8 on the thumb, as 
above mentioned, beginning to count 1 on die extremity, 

2 on the middle jomt, 3 on the root ; tlien 4 on the ex- 
tremity, and so t)n. Recaiise cS, in this case, falls on the 
middle joint, add to it 20, and the sum 2S will be the epact 
of the above year H8n. In like manner, if thi' epact of 
1726 be required, the golJen nimihei of whu h was 17; 
count 1 on the extreniily of tiie thmnh, 2 on the middle 
joint, 8cc, till you complete 17, ^^hleh uill fall on the 
joint; and if 20, the value assigned to that joint, be then 
added to the golden number, the stun will be 37 ; from 
which if 30 be subtracted, ihcie will remain 7 for the 
epact of 1726, according to the Julian calendar. 

By the same artifice the epact for any year of the l[||h 
century might be found; prtnided 20 be assigned to t3hc 
extremity of the thumb, 10 to 1 he joint, and(» to the root ; 
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and that you begin to co!i|||^ 1 on the root^ 2 on the joints 
and so on. ^ 1 ' 


TROBLEM IV. 

To find the day of the l!^ew Moon^ any proposed Month 
o f a git en Year. 

First find the cpact of the given year, as taught in the 
two preceding problems ; and add to it the number of 
Ittonths, reckoning from March inclusively : subtract the 
sum from f30, if Jess, or from 60 greater ; and the re- 
mainder will give the day of the i w moon. 

Let it be required, for example, to find on what day 
moon happened in the month of May lb 13. The 
golden niimbei of 18)3 uas 9 , v Incl) multiplied bvl 1 gives 
99; and if 11 be vjjbtractcd, aecoidmg to the rule, we 
shall have for remaindei 88 . this divined Uy 30 leaves 28^ 
rr; the epact of that ycai, as before found. Now the 
number of months from March, including May, is 2 ; and 
2 added to the cpact nukes 30, i^hich subtiacted from 60 
leaves 30: new moon therefore took place on the 30th of 
May 1813. Accordingly the Almanacs show it was new 
moon near midnight oi the 29th ot tlut month. 

Remark. — In calculations of tint, nature, great exact- 
ness must not be expected. The irregular arrangement 
of the months which have 31 days, the mean numbers ne- 
cessary to be assumed in the formation of the periods 
from which these calculations are deduced, and the in- 
equality of the lunar re\ olutions, may occasion an error of 
nearly 48 hours. 

More correctness may perhaps be obtained by employ- 
ing^c following table; which indicates what ought to 
liB l^ed to the epact fur each commencing month. 

January • 0 March 0 

February . 2 Apiil . 
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.^3 

May 8 S^tember ,4*8 

Jiiho 4 October . . 4 . . 8 

July 5 November ... 10 

August .... 6 December . . ,10 

PROBLFM V. 

To find the Moons Jge on any given day. 

To the epact of the >ear add, according to the above 
table, the number belonging to tlie month in which the 
proposed day is , and to tins sum add tlic number which 
indicates the da) : if the result be less than 30, it will be 
the inoon^ age on the given day ; if it be 30, it shews thut 
new muon tnok place on that day; but if it exceecis 30^ 
subtract 3() iioni it, and the rcrnamdei wnll be the age of 
the moon. 

Let It be HHjinred, (oi exampK, to find wliat was the 
age of the moon on the 20th of Mar».h iS13. T‘lie epaCt 
ot 1813 was 28, and tlie nnmbei to be added for the 
month of Marcli, according to the pieccding table, is 0: 
this added to 28 makes 28, ami the m.nilier of the 
proposed day, added to 28, inukes 48, from \\ Inch if 30 
be subtracted, the lemainder is 18 llu moon’s age on 
the 20lh ot March; and tins mde .d is agreeable to what 
is indicated by the Almanacs. 

Of the Solar Cycle and Dominical Letter. 

The solar cycle is a perpetual revolution of 28 years, 
the origin ot which is as follows; 

Lst. The seven first letteis ol the alphabet a b c d e f 0 
are arranged m the calendar in sucli a manner, that 
responds to the 1st of January, n to tlic 2d, r to 
I> to the 4fth, E to the 5th, r to the f th, o to tlm 7th, 
the 8th, B to the ytli, and so on through ..everal revolu^ 
tions of seven. The seven da)s of the veek, called also 
ferise, are represented by these seven letters. 
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2d* BeWiise a year of^| days contains 52 weeks and 
1 day, atui^as ||)at i%nhaiSihg da}^ is the first of a Ssd re- 
volution, a counsnon year of 365 days ought to begin and 
end with the same day of the week. 

3(1. According to this disposition, tlie *Jciine letter of the 
alphabet corresponds to the same day of the week, 
throughout the course of a common vaar of 365 days. 

4th, As these letters all ser e alternately to indicate 
Sunday, during a senes of several years, they have on 
that account been called dominica^ Vf/er?. 

5th. It hence ftdlows that if a » iirimon a e.n* begins by a 
Sunday, it will end by a Sunday the 1st of .liiiuiarv there- 
foitp 9f the following year \^ill i»e a Monday, wind) will 
correspond to the lettei a ; and the 7t[i will be a Sunday, 
'winch will ccArrespond to the Utter cj, nhicli will be the 
dominical letter of that Acar, For the same reason, thi^, 
dominical letter of the (ollow'ing year will be f; that of 
the next one so on, circnlatnig in an order retro- 

grade to that of the aljihabet. From this circulation of 
the letters has arisen the name of so/a?’ c?itle ; beeanse 
Sunday among the pagans was called dies solis^ the day of 
the ffun. 

6th. If there were no days to be added for bissextile 
years, all the different changes of the dominical letters 
Avould take place in llie eouise of seven years, But this 
order being interrupted b\ tbc bissextile years, in which 
the 24tli of February conesponds to Xwo different fcriiv of 
the week : the letter f, for example, w hidi w^ould have 
indicated a Saturday in a ( onimon year, will indicate a 
Sunday in a bissextile a ear ■ or if it indicated a Sunday in 

« mon year, it ivill indicate a Sunday and a Monday 
ussextile, 8^c. Hence it follow^s that in a bissextile 
the dominical Icttci changes, and that the letter 
marked a Sunday in the commencement of the year, 
will mark a Monday alter the addition of the bissextile. 
This IS the reason why two dominical letters arc assigned 
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to each bissextile year ; ouc $,crves from^the lf»t of 

Januai^' to the 24th of Fchruliy* aij^J from the 

24th of February to the end of tlie so that the se- 

cond dominical letter would naturally be tba^vof the fol- 
lowing year if a day had not been added for 'the bis- 
sextile. 

7th. All the possible varieties to Inch the dominical 
letters arc subject, both in common and in bissextile }'car 3 , 
take place in the course of 4 times 7, or 28 yeais ; for after 
7 bissextiles, the dominical letters return and circulate as 
before. This t evolution o( 2H years [>as been called the 
solar (yc/v, or the njde of the dominical Idler, 

PRO III. KM M i,v. 

To find the Doniinual Letter of any proposed year, 

1st. To find the dominical Jetter of any given yt'ar, 
according to the (iiegonati Cah'udai-, add to the number 
of the year its fourth parlj or, li it c.innc)il; he exactly di- 
vided by 4, the least nearest to it ; horn the si;m subtract 
5 for 1600, 6 for the following centiii}- 1700, 7 for 1800, 
and 8 for 1900 and 2000, because the }ears 1700, 1 800 and 
1900 aic not bissextiles; 9 for 2100, 10 foi J200, and 11 
for 2300 and 2400, because the three yi.ais 2100, 2200 
and 2300 will not be bissextiles; diivide wlial remains by 
7, and the reniaindei will biMhe domiiiKal letter recjuircd, 
counting from the last Icttei o towaid^ a the inst; so that 
if nothin^ remains, tlic dominual letter will be a ; if 1 
remains, the dominital letter will In o *, d 2 remains, it 
will he jr ; and so ol the lest. 

Thus, to find the dominical letter ot the year 1813: 
add Its foprth part 4.53, which makes 220G, and 
ftim subtract 7 ; if the remainder 22.5'> be divided 
the remainder 5 will shew that tlie domimeal lettci 
since it is the liflh, counting in a retrograde order, fMn 
the last letter g. 
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We here obsnrij&j that to find with more cer- 
tainty, by.thib operi^^on/t^ dominical letter of |i bissex- 
tile 3 ^ar, it iptrlll be necessary to find first the dominical 
letter of tl^ precMing year, whitb will serve till the S4th 
ofFebAai^of the bissextile year; after which the next 
letter in the letiograde order rmi'-t be used for the re- 
maining part ol the year. Thu*', if it be required to find 
the dominical lrtt(?r of tlic year J724 ; fust find that of 
1723, by adding to il its nearest less lonrtli part, 4-30; 
subtracting 0 from the sum 2153, and dividing the differ- 
ence 214't", by 7 : the remainder :i hews that tlic dominical 
letter of the year 1723 uas c ; ^v nich is the filth of the first 
letters of tlie alphabet, counting in the retrograde 
ordef. Since it is kjiown that c was the dominical letter 
of 1723, it may be readily seen that « was the dominical 
letter of the following }ear 1724. But as 1724 w^as bis- 
sextile, B could be used only till the 24th of fehruary, 
a^ter which a, (fee letter preceding n, was employed to the 
end of the year : hence it is seen that a and b were the 
two dominical letters of the year 1724. In like manner 
the dominical letters of any future bissextile year may be 
found. 

2J. To find the solar cycle, or rather the current year 
of the solar cycle, corresponding to a given year ; add 9 
to the proposed year, and divide the sum by 28 : if no- 
thing remains, the solar cycle of that year is 28; but if 
there be any reniaiiKler, it indicates the number of the 
solar cycle required. 

Thus, if the solar cycle of 1813 be required; add 9, 
winch nukes 1822, and divide this sum by 28; the re- 
^[^der, being 2, shews that 2 is the solar cycle of 1813. 
reason of this lulc is, that the first year of the 
^^ij^istian aera was tlie 10th of the solar cycle; or in other 
words that at the commencement of this aira 9 years of 
the solar cycle were elapsed. 
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Rumakks. — T he solar cycite of awy year wWcvcr may 
be found with great ease, and without divii$ion/by jneans 
of the subjoined table. 

£ 

Cl n- S *T\» l! C. ( ji- S( I ir 
flints C^cl(‘ I fmi s C\il(\ 

100 lo \ lOOO 20 

200 2a ' 2000 12 

300 20 3000 4 

100 8 lorK) 21 

.>()0 2^ I M)0 ' lo 

600 J2 f,0(K) 8 

TOO 0 TOOO 0 ^ 

v)0 U) ^(mK) 20 

nOO 4 ‘>000 12 

The methevl <>( < oij ti'ucting tins tni)le is a> follows : 

Having pKucd opposite UMhe jjrst icii^tais, the s.i^e 
unmbcrs ai the soLii (‘ycles of ilusc }(ais, and 20 for the 
solar C} ( le of the 20th; in-ttad ni s( Ming down 3o, for 
the 30th ycMi, set down onI\ 2, wlm h is the e\eess of 30 
above 28, or ai)o\e the |>( nod of the sol n < \ v le. Foi the 
40th j ear, inscuhc the nninheis wliitli coiiisjiond to 30 
and to 10, that is 2 and lu , and su of ilu‘ icM, a!v^<lJs 
subtracting 28 fiom tin* simi whi ( it is gi,, t(T. H iting 
thds shown the iijethovl ol ^.oristi uc ting tins t.thle, we shall 
MOW explain the iih‘ of it. 

Ill the first place, if the proposed 'ye^Ai, (lie soldi cycle 
of which is recjuirerl, be in the above t.ible, h ok for the 
iiumher opposite to it in th * (oluinii on the light, maikcd 
solar c)cle at the tej), and avid 0 loit tin siim will be the 
solar cycle require I tljiis if 0 he addiwl to J2, w^b 
stands opposite to the M'ur 20')(g \m shah 1 .tvr 21 
solar c)xlc of th it jcai, 

But, it the given ye*r c innoi b'* fouiiil ev mlv m tlie 
above table, ii must be d vde 1 ^ iio such pan . is ne con- 

N 
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tainecl in it. If the numbers corresponding to these pariri 
be then added^ theiir Bum increased by 9 will give the solar 
cycle of the required year ; provided this sum is less than 
26 ; if gre^eH [9 28 must be subtracted from it as many 
times us possible. 

Let it be required, for example, to find by the abofe 
table the solar cycle of the year 1813. Divide 1813 into 
the four following parts 1000, 800, 10, 3, and find tb^ 
numbers corresponding to them in the right hand columns, 
which are 20, 16, 10, 3; the sr n of these is 49, and 9 
added makes 58 , from which if 2 * be twice subtracted, we 
shall have for remainder 2, the solar cycle of 1813. 

n. The reason of adding 9 to ihe sum of all these num- 
bers, is because the solar cycle, before the first year of the 
Christian aera, was 9 ; consequently this cycle had begun 
10 years before the birth of Christ, which may be ascer*- 
tained in this manner : 

Knowing the solar cycle of any, year, either by tradition 
or in any other manner, that of the year 1693, for exam* 
pic, which was 22 ; subtract 22 from 1693, and divide the 
remainder 1671 by 2?^ then subtract 19, winch remains, 
from 28, and the remainder 9 will be the solai cycle before 
the first year of the Christian mra. ^ 

III. A table to show the golden number of any pro* 
posed year might be constructed in the same manner ; 
with this difference, that instead of subtracting 28, it 
would be necessary to subtract 19, because the period of 
that cycle is 19 ; and that instead of adding 9, it would be 
necessary to add only 1 ; because the golden number, 
before the first year of the Christian sera, w^as 1 : conse- 
quently this cycle began tw^o years before the birth of 

that is to say, the golden number for the first 
ycjlr of the Christian sera was 2, &c. 

IV. The dominical letter of any proposed year may be 
found by another method ; and when tliis letter is known, 
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it will serve to show the letter w bich corresponds to every 
day throughout the whole of the baind ycarf- 

Divide by 7 the number of days which have elapsed be- 
tween the first of January and the proposed, da vi.inchi* 
sivel)' ; and if nothing remains, the retjuired letter will be 
Gf^if there be anj" remainder, it will indicate the number 
of the required letter, leckoning according to the order qf 
the alphabet, a I, b 2, &c. 

Thus, to find the dominical letter of the year 1813; 
take any Sunday, the 28ib of February for example, and 
find how many clays have elapsed between it inclusively, 
and the first of January : as tlie number is 59, divide this 
number liy 7, and the remainder 3 will show that c, the 
third letter of the alphabet, is the dominical Utter re« 
quired. 

The days winch liave elapsed between the fast of Ja- 
nuary and any given period ot ihe year, may lie readily 
found by means of the fbllowmg l.ibl(‘; but it j to be ob- 
served that in bissextiles, the number of da\s must be in- 
creased by unity, after tlic end of Feiuuary. 


From Jan. to Feb. 

Days. 

. 31 

1 

Fioni Jan to August 

Days. 

. 212 

Jan. to Marci) 

. 50 

1 Jan. to Sept. . 

. 24J 

Jan. to April . 

. 90 

' Jan, If) Octoh. . 

. 273 

j Jan. to May . 

. 120 

1 Jan. to N()ve*}il>. 

. 30+ 

Jan. to June . 

. 151 

,j ,laiu to Doccinh, 

. 334 

Jan. to July 

. 181 

Jan. to Jan. 

. 


PROBLEM Ml. 

To find what daij of the Week con c^pomh to any ^iven day 
of the l eur, 

Tottie given year add its fomth part, oi , when it caH-, 
not be found exactly, its nearest lea^'t fourth part , and to 

» It is bere to be obser\tj(b that when ^ u wish to find th* domitncal let- 
ter, the piopo'ied Hdy niusl be a Sunday, (.therwise you will find only the 
letter which belong*' to «50ine othei 
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the sum add the number of days elapsed since the first oi 
January, the proposed day included : from the last sum 
subtract 14/ for the present century, and divide what re- 
mains by 7 : the remainder aviII indicate the day of the 
week, counting Sunday 1, Monday 2, Tuesday and so 
on : if nothing remains, the required day is a Saturday 

Thus, if it be required to know wliat day of the week 
corresponded to the 27th of April 1813 ; add to 1813 its 
nearest least fourth part 453, and to the sum 2266 add 
117, tlic number of days clapsc ' lietween that day inclu- 
sive and the 1st of Januaiy. If »4 be subtracted from the 
last sum, which is 2383, and if 2369 winch remains be di- 
vided by 7 ; the rein. tinder will be 3 : consequently the 
27 Lh of April 1813 w*l^ a Tuesdav. 

— If tlie |‘ioposcd year be between 1582 and 
1700, it will be nect . ary to deduct only 12 from the sum 
formed as above. 

If the year be anteiioi to 1592, it will be necessary to 
deduct only 2; because in 1582 ten days were suppressed 
from tlic calendar. As a bissextile was suppressed in 
1700, which makes an eleventh day suppressed, 13 must 
be subtracted if the given year 1)0 in the last century. 

For the same icason 14 must be siibti acted in the pre- 
sent century ; 15 in the twentielli and twenty. first, and 
so on. 

PROBLHM Vill. 

7h find Easter-dai/ and the other Moveable Feasts, 

By the » ^formation of the calendar, the 14lh day of thfi* 
paschal moon was bi ought back to the same season m 
Avbich it was found at the time of the council of Nice, 
khd lioin which it had removed more than 4 days. Ac- 
cording to the decree of that council, Easter ought to he 
celebrated on the first Sunday after the 14th day of the 
moon, if this 1 Itli day slioiild happen on or after the 2ist 
of INLirch. Hence it is obvious that Easter cannot hap- 
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]pen sooner llian the of that month, nor later than tiie 
5oth of Apiil; which on that account liave been called 
the’^paschal limits. The following is a table of the^e 
limits, from the yeai 1700 to 1900. 


Luuai 

Cyclf'. 

Pa lial 

mm 

MMi 

P . Al 
J.’rn-'s 

1 

April i;j 

1 11 

M.itch 24 

2 

Aoril 2 

1 I'j 

A|)ril 12 

:i 

M.utIi <22 

[ 13 

April 1 

4 

Anni 10 

j J4 

IM.Lrrli 21 

S 

March '10 

15 

Apul 9 

() 

April is 

in 

M i^ch 29 

7 

April 7 

17 

A[)ril 17 

cS 

Maul) ‘.'7 

IS 

April u 

i) 

Aptil 15 

19 

Maich 2G 

10 

Apiil 4 




Bv means of thi> table K.ister ina\ he found irt the fol- 
lowing manner. First find the golden number or luiur 
cycle of tiie year, and oppoati^ to ii, in the above table, 
will be found the day of the month on which ilie pa'iciiai 
full moon happens in that year. Sunday mmediatcly 
following is Eastci-day accoiding to the (rrcgonan calen- 
dar. If the full moon happens on a Sunday, Piaster-day 
woll be the Sunday following 

Thus, if Piastei-day 1813 were rc{|uiied, as tin* golden 
numbci of that yeai is 9, op[) 0 ‘'ite to it \mII he found 
April loth, and as the 3d following da\ , or the Utli, is a 
Sunday, Easter-clay happens on the Ibrli of Ajinl 

Second Method. 

Easter may be found also by means of the following 
table, which consists of nine columns, each divided into 
seven parts. The first column contains the dominical 
letters, the seven following tlic epacis, and the ninth th# 
day on which Easter falls. 
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’W*EK*'DAYS, 8CC. 

To use this table, the epact and dominical letter for the 
given year must be found. Thus if 1813 were proposed, 
th^ominical letter of which is c, and the opact 28; lode 
in one of the cells, opposite to that inscribed c, for the 
epact 28, and opposite to it will be found, in the last 
c^umn on the right, the 18th Ajml, which is Easter-day. 

Third Method. . 

If the epact of the propo^^eJ j ear does not exceed 23, 
subtract it from 44; and the remainder, if Jess than 31, 
will give the paschal limits in March; if greater than 31, 
the surplus w’lll be the paschal limits in Apiil. 

Blit if the epact is greater than 23, subtract it from 43, 
oi from 42 when ir is 24 or 25; the remainder will be the 
dav of the paschal limits in April, and the Sunday follow- 
ing w'jll be Easter. 

Remark. — Since all the oilier moveable feasts are 
regulated by Easter, when the dav on which it falls is 
known, it will be easy to find the rest, Septuagesima 
Sunday is y weeks or 64 days before it, both the Sundays 
included. Asli-Wedncsday is the 47th day preceding 
Ea^er, and the Sunday following' jAsli-Weuncsday is the 
first Sunday m Lent. Ascension-day is 40 days, Pentecoste 
or Whit-Sunday is 50 days, and Trinity Sunday is 57 days, 
after Easter. 


PROBLEM IX. 

To find on what day of the Week, each Month of the Yeai 

begins. 

As it has been usual in the calendars to mark the seven 
days of the week with the first seven letters of the alphabet, 
always calling the 1st of January a, the; 2d b, the 3dc, the 
4th D, the 5tli E, the 6th f, the 7tb o, and so on through- 
out the year; the letters answering to the first day of 
every month in the year, according to this disposition, 
may be known by the following Latin verses ■ 
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Astra Dabit Dominus, Grati^que Bcabit EgPiiO'^^ 

Gratia Christicola: Eeict Aurea Dona Fititili. 

Or by these French verses: 

All Dieu De Clone Him Kspne; 

Giaml Occur, Favem Aime De Faire 

Or by the well kno\vn English ones: ^ 

At Dover Dwells Gforije Hrown E quiie, 

Good Caltl) Fiik h And David Fim, 

WhiM'c the first letter of each w ord is that belonging to 
the first day ol cath month, in ih older (lom January to 
JJcceihbcr. 

Now', as tiKse Ictti^rs, when ti i‘ donmiieal letter is A, 
iiuhcatc the day ol the week bv the rank winch the} liold 
ill the alphabet, It is evident in tliat ease that Jainuiiy 
begins on a Sundtiv, Ftbruaiy on a W'eilnesday ; March 
on u Wednesday, April on a Saturday, aiid so on. But 
'when the dominical lettei is not a, count either backwards 
or forw'ards liom the letter of the j)»o|)C»-ed month, till 
you come to the dominicu! lettei of tlie veai, and see bow 
many days me between tlioin, lor, as tlie donnnical letter 
indicates Sunday, it wnll be easy, b} leckoning back, to 
find the day of the week ^orruspimdmg to the letter oRhe 
pioposed month. 

Thu'', d It 'were ieijuin»l to liiid on wh.it d,iV of the 
week februarv JM'> be , u , as tiie domrnccLl !e'ti*r ol 
ISIJ is c, and as tlie letter con espo’iding to Fcbruccr} is n, 
which is the one immediatelv lollowing c, in the ovdci Ci-f 
the alphabet, il is e\ ident tliat Fidji uai y began on a Monday. 
In like manner, if Apiil liSlJ wcie [)iuposed, as the letter 
G wdnch belongs to that month is the tim'd Irom c, the 
domimcal letter, it may be readily seen that April 18i3 
began on a Thursday. 

The day of the v^eek on which any proposed mouth 
begins, may be found also by means of the following 
table. 
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month* 

* 1 

£ 

c 

0 1 . 1 r 

<; 

JTannaiy 

Snndiiy 

Sdtui 

Fntla\ 

r urs IWt’dn Infs 

MtintI 

bru.ti ^ 

vV'erln. 

I’ut s 

^ loMii 

Siin(la\ jS.i^in jFli^ay .Tliuis. 

Maich 

Wtdri 

7u s 

Vloi.U 

Sundae Salm ^Friday 'I’bms 

April 

^ ttur. |Fi .da\ 

I’l u*- 

Wridn j'l ut p. Monti .Simday 

Ma> 

M VI. 1 

Svnnl i\ 

W'flri 

S.tttn. 

Fiif 

Ft ulav j ^l^liu' " \V t'dn iTnts 

June 

1 nm 

Moih! Snnd.tv S »tui Fi itlj\ 

July 

1 

s itur. :T‘i 1 I 

fMtlis. 

Sinnln\ 

W 1 tin 

\V< dri Toes. Mond Surnlajf 

August 

I'll' s. 

\I mtl 

Silur Ir. tlav ThnrH. 

jWetln 

Septembt i 

I 1 iil.J V 

rum^ 

i ties. i'VI >nd Sun l.i' 

N it ni 



iMond. 

J 

|Tltnr« 

OcttiliOi 


Nairn. 

I’leljV 

j 

rniM k j VVnln 1 lies 

No\ ember 

VVvti.i 

Iu<s 

Moiicl. 

SiuidavJSal nr Fieiay 

Drt’t miter 

Hi j^'a\ 

'rimi'' 

Wt.ln 

1 J to* t M Mid S'mmI w s tuir 


To use this table, look ior llie clo"iWnical letter of the 
given year at tlic top, and in the (‘olu’iin l>i .o\v it, and 
opposite to each month, will he found the* tla\' on which it 
bef^ns. Thus, as tlie dominical letter for IS 1 3 is r, it 
will be seen, by inspectinu flu* table, tb.it .laiiii.uy bccjari 
on a Friday, February on a Monday, Maieh on a Monday, 
April on a Thursday, and so of tlie icst. 

ptlOItl LM X. 

To find what Months of the Year have 3 1 Dap, and those 
which have unit/ 30. 

Raise up the thumb a (j>I. 5, fi'r. IS), the middle finger 
c, and the little finger e, ot the left hand ; and keep dowm 
the other two, viz, the fore finger b, winch is next to the 
thumb, and the ring-finger d, winch is between the middle 
finger and the httle finger. Then begin to count March 
on the tliunab a, April on the foic finger it. May on the 
middle finger c, June on the ling-finger d, July on the 
little finger e, and continue to count August on the thumb. 
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September on the fore-finger, October on the middle 
finger, November on the ring-finger, and December on 
the little finggr;Hhen beginning again continue to cqjjnt 
January on the thumb and February on the fore-finger: 
all those months which fall on the fingers raised up a, c, 
E, will have 3i days; and those which fall on the fingers 
kept down, viz. n and n, wnll have only 30, except 
February, winch in common years lias 28 days, and in 
bissextiles 29. 

The number of the days in each month may be knov^ri 
also by the following memorial h s: 

Thirty clays hath Septeiubcr, 

April, June and No\embrr; 

All the lest have thirty -oni% 

Except Febiuary alone 

PIIOBLLJV2 XI. 

To find the day of the Month vn lelmh the Sun enters info 
each sign of the Zo.^iac\ 

The sun enters into each Mgn oi luv //>uiric about tlie 
20th of each month of the year; viz, inU) Ar.es about the 
20th of March, into Taurus about the 20tn of Apni, and 
so on. To determine tjhis day someubat more exactly, 
the two following verses may be employed: 

IncliU Laub Just is Impenditui, f^a^rr uis Horret, 

Grandia Gesta Grren*. Ftlin Gaudf't Hoiiore. 

Now, to use these two verses, asMgn the words which they 
contain to the twelve months of the v car, beginning with 
March ; to which you must assign IncUta, and end with 
February, which will correspond to Honore. Then con- 
sider what is the number in the alphabet of the first letter 
of each word ; for if that number be subtracted from 30, 
the remainder will be the day of the month required. 

For example, Inclita corresponds to the month of March, 
and to the sign Aries ; its first letter / is the ninth in the 
alphabet, and if 9 be taken from 30, the remainder 21 
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shows that the sun enters Aries on the 21bt of March. In 
like manner, Grayidia corresponds to the month of Sep* 
tcijijber, and to the si^n Libia, and iu first fetter G is the 
7th in t[>e order of tljo alphabet: if 7 tlierefore be sub- 
tracted from 30, the remainder 23 slion s that the sun enters 
Jjbra on the tuenty-lhird of Janiiarv. 

But thi^i method is not always coircct, erring by a day 
or two in some months. 

rjionn.M xii. 

To find the Sun's place, or in u hat degree and •is^hM sign he u 
on (Dili given day of the Year. 

First find on wlia( day ol the proposed month the sun 
enters into any ol the si^ns of the zodiac, .ind into what sign. 
When this Is (loiK^, i{ tile proposed day precedes that day, 
it will be evident that the sun is ihen in the preceding sign ; 
for this reason the dilTerence between tlic day proposed 
and that when tlic sun enters a new sign, must be sub- 
tracted from 30 degrees, and the rcmaintlcr will indicate 
that degree of tfic preceding sign in which the sun is. 

Let the 18th of May, foi example^ be proposed: it will 
be found by the preceding jiroblgin, that in May the sun 
enters into the sign Gemini on the 21st ; butastlie 18th pre- 
cedes the 21st by 3 days, subtrar 3 from 30, and the re- 
mainder 27 will indicate that on the 1 8th of May the sun 
will be in the 27th degree of Taurus. 

But if the proposed time of the month be posterior to 
the day of the same month on which the sun enters into a 
Tiew sign, it will tlieii be necessary to take the number of 
days by which tluv diifcr: this will be the degree of the 
sign in winch the sun is, on tfie given day. 

* Let us suppose, for examide, that the 27th of May is 
proposed: as the sun on ihc 21 of May enters into 
Gemini, and as the difference betwf en 21 and 27 is 6, we 
may conclude that on the 27th of May the sun r» in the 6th 
degree of Gemini. 
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PROBLEM XIII. 

To find the Mooris place in the Zodiac^ on amj proposed daij 
of the Year. 

Fiist find the sun’s p!jce in the zodiac, as taught in ihr 
preceding problem; and then the moon's distance fiom 
the sun, or tlie .iic of the ceii|>tic conipreliemJc d between 
tlie sui) and moon, winch may be dune as follows. 

Having found the moon’s age, bv jirob. .'i, rmihiply it 
by 12, and dividi; tli(‘ product by 3Ci. the qinUK nt w ill give 
die uuinlier Oi signs, ,ind the reim < lei the degri'es of the 
moon’s dist.iiK'e fiomthesim 1( this di n.ince thereloie 
be counted, according to thtj oidor ol tin signs in the 
zodiac, hegininng at tiic sun’s pl.u *, \()U will Innc the re- 
quired place of the moon, 

1’hirs, il It wen* lequiiod io dO'M iumk* ih> mr.on’s pLu'e 
on the* 2Sth of ISla) l(>n^,the v>: in t he 27 th de'’j 

of Taurus, and the moon’s .jge 1) mg I 1 ninh - ly 14 by 
J3, and divide the prudiitt InSi ’ 'Ug lh< u .oti and 
the remainder IH, show thiit tiv* muon', di tain c* bum the 
sun uas 5 signs IS degiee'-. II 5 s-guN is degrees time* 
tori* be counted in tlie zodiat, li(/ni the 27th degrei* of 
'raiinis, wdiicli is {lie sun'*s pl.ne, we lail j*il] upon the 
15th degiee of Seoipio, wh.ch was pi wu of the 

moon. 

I’ltOlU.LM M\ , 

7b Jind to what Month of the Yair a,nj hi^uiiion belongs. 

In the Roman calendar, each lunaiu. i 1*1 considered as 
belonging to that month in winch it teiininate^, according 
to this ancient maxim of the computists. 

In quo co}npletu)\ inemi lunatio detur, 

Kence, to deteiminc whether a liinatioii belongs to a 
contain month of any given year, as tlic month of May 
1693 for example; having found, by prob. 5, that tjie 
moon’s age on the last day of May was3T; tins age 27 
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show^ that the lunatjon ends in the next month, that is to 
:>ay in June, and consequently that it belongs to that 
monilu It indicates also that the piccednig lunation ended 
iii tilt' niofiili of IMav, and (lieiefore bidonged to that 
inontiu 


PllOIll.tM 

'io (kUntiffit thr I unur Years zrfnch are romyjKW^ and those 
:c/uch art rmMnniu. 

Tins piohleni may he* leadilv '-o1\c<l l)y lucaqs of the. 
piec ediiig, fioin which we oasd\ k’low tihU the'saine solar 
month ni,'V h<ive two lunatiotiN, 1 m)i iwo moons may end 
in the '^am'• nionlh. whuh has fJO or 'U (lays, .is November, 
whicii has ^0, o, out m»H>n may' end the fir'll of that 
month, ae.d the hillowmg moon on ihe last or '30th of the 
same naMith; tins ’lea'^thcn uJi havi* h.id 13 lunations, 
and coiKscipienlly will embnlistmt We sliali here give 
an example. 

In the \ear l7i:.’,t!je iii^l moon iKumg ended on the 8th 
oi Januarv, tlie second on tlx* <ah oi fehruary, the third 
on the hdi of Maic'h, the luuuh on tin* otl of April, the 
filth on tlie oth ol May, the Mvih on the 4Lh ol June, the 
scventli on die ^tli ol July, tlie eighth on the 2d (if August, 
the ninth (jii the 1st (jf Sc|)tcmbei; the tenth (m the 1st o< 
Octohei, the elevciitli also on the HOih of tiic same inontli, 
the twelfth on tlic 2yth of Koveinla r, and iIil thirteenth 
on the 28th ot Decembei ; we know that tins year, as it 
had 13 moons, w'as emholismic. 

We know tliat all the civil lunar ycais of the new 
calendar, which begin on the first oi J.uiuarv, aie embo- 
lismic, when they have for cpact 23, 2 7, 26, 25, 21, 

23, 22, 21, 13; and also 18, when iIjc l niimUer is 

19. 

Thus w'e know’, tliat in the year 1633, thci epat t of wliich 
was 3, the lunar civil year wa*. emholismic; that is, had 
13 moons: this liappeiied because the month of Auge>'. 
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had two lunations, one of which ended on the first, and 
the following ono on the 30th of the same month. 

‘“'I 

PROBLEM XVI. 

To find how long the light of the moon will continue during 
anj/ given night. 

Having found the mooii^ age, by prnb. 5, add to it 
unity, and multiply the sum by 4-, if it does not exceed 
15; but ifjt exceeds 15 subtract it f im 30, and then 
multiplyltfe^ reman. der by 4 : if product be divided by 
5, the quotient t\ill indicate as n tny twelfth parts of the 
night, during wliich the nioon vill afford light. These 
twelfth parts arc called unecjual hours. They must be 
counted after siin-hct when the moon is increasing: and 
before sun rising vvlien she is decreasing. 

Thus, if It were icquiied to tincl how long the moon 
shone on the night of May 21st, 1693, at which time her 
age was 17; add 1 to IT and subtract 18 the sum from 30; 
if 12, the remainder, be multiplied by 4, and if the product 
48 be divided by 5, the quotient will give 9 unequal hours 
and ly for the time during which the moon afTorded light 
before suii-rivsc. 

If it be required to find how long the moon gave light 
on the night between the I4th and 15th of February 1780; 
we must first find the moon’s age on the 14th of February, 
which IS 26, and having added 1 to it, the sum will be 27. 
This sum subtractetl from 30, leaves 3 for remainder, which 
multiplied by 4 give^ 12; and if this product be divided 
by 5, the quotient will be 2 ^ unequal hours; that is to say 
8 twelfth paits of the nocturnal arc, which must be re- 
duced to equal and astronomical hours by the following 
remark. 

Remark. — When the length of the given day or night 
is known, it is easy to reduce unequal hours to equal or 
astronomical hours, each of which is the 24th part of a ^ 
natural day, comprehending the day and night. Thutii in 
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the first example, since the length of the night at London 
on the SJlst of May, is 8 hours 10 minut^; if 8 hours 10 
minutes be divided by 12, wc shall have 4d*'fniniitcs 50 
seconds, for the value of an uncipial hour; this multiplied 
by 9f, the number of unequal horns during which the 
moon gave light, Iroin the time of her rising till sun-rise, 
we shall have 6 equal hours and 32 minutes, as the time 
compreheuded between the rising of the moon and that of 
the sun. 

CoKOLLAuy. — By these means the time of moon's 
rising may be knowm, provided wv know^ the bout at wdneb 
the sun rises ; for if 12 hours be added to the tune of the 
sun’s rising, which is 4 lioiirs 5 minutes, and if from the 
sum, 16 hours 3 minutes, we subtract 6 liours 32 minutes, 
which is the time cainprchendecl between the rising of the 
moon and that of the sun, the residt w ill he 9 hours 33 
minutes, for the tune of the mooifs rising. 

PROllLKM XMT. 

/ill easy method of finding the Calends^ Nones^ and Ides^ of 
any month in the year. 

The denomination of Calends, Nones, and Ides, was a 
singularity in the Roman Calendar; and as these terms 
frequently occur in classical authois, it may be useful to 
know how to i educe them to our metliod of computation. 
This may be easily done by means of tin: ihicc following 
Latin verses. 

Pnncipium mfiisis rniusqnr ^o( ato caltndab. 

SeJt M*iius iionab, Octubci, Julius i:l Mam, 

Q.uatuor at rcliqui dabit idus ({Uidlibet orto. 

Wflich have been thus translated into French ; 

MarSf Jiullttf Oclohre tt Mui 
Siv Nr»n<'s Ifi fjrrti orit douni , 

Aum (tutrei mots qnat! t‘ ^ard/ ; 

Hun Ides d ious accoide. 

The meaning of these verses is, that the first day of each 
mouth is always called the calends; 
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Thaetin the,<^onths of March, May, July and Odober 
the ai-jpr 7th day, and in all the pther months 

on the ‘ ^ ''' 

J^.istly, thatrthfe ides are 8 days after tTie nones, viz, on 
tlje 15th of ^larch, M.ty, July and October ; and on the 
13th of the other months. 

It must now be observed that the Romans counted the 
other dci\s b*ickuauls; always decreasing, and that they 
gave the name ol nones to those days of the month which 
weic the calends and r les of that month; that 

of ides davs which were bctwwn the nones and 

id(s ol that montli ; and the name of calends to those days 
winch lemaincd between the idi‘s and the end of the pre* 
coding moil til. 

Thus, ni tile four months of Match, May, July and Oc* 
tober, where the nones had G days, the second day of the 
month was called si.tio non as ; that is to say the sixth day 
beloie the nones, the preposition ante being here under- 
stood. In like in. inner the third day was called qiiinio 
nonas; that is to s«iy the filth day of the nones, or before 
the nones ; and so of the rest. But, instead of calling the 
SIX ill day of the month secumlo noiias, they said pridic 
nonasi that is the day preceding the nones. Tiiey said 
also postridie calendas^ the day after the calends , postridh 
nonas^ the day after the nones ; posit idic idus^ the day after 
the ides. 


PROBLEM XVlll. 

To find what day of the calends^ 7ioneSy or idesy correspond$ 
to a certain day of any gxvc7x 7nonth. 

To solve this problem, attention must be paid to the re- 
mark already made, that all the days between the calends 
and the nones belong to the nones; that those between the^ 
nones and the ides bear the name of ides; and that those 
betw een tlie ides and calends oj^ the following month, hav6^ 
the panic of the calends of that month. This being pre- 
mised, the iollowmg method must be pursued. 



CALENB^^ KOMB8, A^D IDES. 

.lAtt If the day of the month belongs |or^||C cal^ilis, add 
2 tQ the naiiib.er of the days m the from the 

sum subtract %he given number: the be tbe 

day of the caleM^. ^ ^ 

Thus, for example, to find to what day of the Roman 
calendar the 25ih of May corresponds, it is first to he ob- 
served that it belongs to the calends, since it is between 
the ides of May and the calends of June. As the month 
of May has 31 days, add 2 to this numbci , which will make 
33^ and if 25 be subtiacted from the sum, the^^p|l|aindor 
b will show that tlie 25th of May coriesponSi^^^he 8th 
oT the calends of June; that is to sav, the 25th of May 
among the Romans was called octavo cai end as Jumu 

2d. If the day ot the month t)elongs to the idcs or the 
nones, add 1 to thf number of days elapsed between tlie 
first of the month and the ides or nones inclusively ; from 
this sum hubtiact the given number, whieli is the day of the 
month, and the lemainder will be exactly the day of the 
nones or ides. 

We shall suppose, for example, that the given day l^ 
the 9th of May, which belongs to the ides; as !t is between 
the 7th day of the iionc ^ and the 1 5th day of the idcs. If 
1 be added to 15, and 9 be subtracted from the sum Id, 
the remainder 7 w ill show that the Mh of May corresponds 
to the 7th of the ides of tnat month; that is, the 9th of May 
among the Romans wms called septimo idus Man. 

In like manner, if the proposed day be the 5tli of May, 
which belongs to the nonea, because it is l)et\v(‘cn the J.^L 
and 7th ; add 1 to 7, and from the sum 8, sul>tract 5, or 
the given day of the month : the remainrler d shows lliat 
Stb of May corresponds to the 3d of the nones ; or ilu; 
the Uoma««^S*\ij»lled the 5th of Mav, ttrtio nonas Maiu 


VOt. III. 
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PROBLEM XIX. 

* ^ 

TAe dai/ nks^ vi nones^ bein^^vcHf to find 

t0^ !:arf esponding day of the 'md^tlu 

This problem ma\ be holved by a method similai to that 
employed in tlie precediy<r ; but with this difference, tliai 
instead ot subti acting the day ol the month, to obtain tiiat 
of the calends, &c, the lattci is subtracted to obtain the 
da}* ot the month. 

Let llhi^jtquiied foi exarnpl , to find wimt da> ot the 
month CpitWsponds to the bth ol he calends ol June, which 
r he Romans expres^^ed by ^dtto calendais Jumu As the ca* 
lends aie counted in a retrograde older from the ist of 
June towards the ides ol May, it ise\ idtnt that the 6th ot 
the calends of June conesponds to someday in the month 
of May , and as that month has 31 days, add to , and 
from the sum subti act 6, or the gi\en day ot the ca- 
lends: the remainder, 27, shows that thcCtli ot the calends 
of June coi res[)oiids to the 27th oi May. 

The same opeiation must Ik employed, in regard to the 
nones and the ides. 

Remark. — The aliove iwoquestions may be easily solved 
aUo by means ot a table of the Calcuids, Nones and ides, 
which will be found with othei tables at the end of this 
pait. 

OJ the Cycle oj Indiction, 

'riit cycle ot mdictioii is a period ot 15 \ears, distin- 
guished bv that name, according to some authors, because 
It served to indicate tbe year in which a certain tribute 
was paid to the Roman tepublic ; and hence it is called the 
Soman Inditlvon* 

It is called also the pohiijiial indictmij bee ause employed 
by the court of Rome m its bulls, and in all its decrees. 
The following, it is said, is t^e origm of this custom. In 
the vear 312, Constantine issued an edict, by which he au* 
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^ thorUed the exercise of the Christian thl^ghout 

the whole ejnjpire. Some years after, of Nice 

wajp assembtm, which in 328 condemti^^J^e^ heresy of 
Arius: in the«|i!i^e therefore of 1.5 yeart'^SIyistianity tri- 
umphed over persecution and heresy; and on that account 
it was considered as a memorable |)eriod. To preserve 
the remembrance of it, the c} cle of indiction was establish- 
ed ; tlie commencement of which was fixed at the 1st of 
January 313, to make it begin with the solar year ; though 
the epoch of this cycle, according to the iii|y|^tion of 
Constantine, had been fixed at the month cif ^^)tcmber 
812, the date of his edict in favour of the Christians. It 
was the emperor Justinian however who first ordered, that 
the method of computing by the indiction, should be in- 
troduced into the public acts. 

But, whatevei may have been its origin, which Petau 
considers as very doubtful, it is certain that the first year 
of the indiction was the year 31 S of the Christian axra. The 
year 812 therelore must have corresponded to IS of the 
indiction, had this method of computation been then in 
use; and if 312 he divided by 15, the remainder will be 
12; which shows that ihe 12th year of the Christian sera 
was the 15th of the indiction : consequently this cycle must 
l)ave begun three years before th« » birth o( Christ ; or, in 
other w'ords, the first year of the Christian a;ra correspou^j^ 
ed to the 4th of the indiction, and hence we have a solu- 
, tion of the following problem, 

PROBLEM XX. 

To find the nuviber of the Roman indiction which corresfonds 
to any given year , 

Add 3 to the given year, and divide the snm by 15 ; the 
remainder will indicate the current year of the indiction. 

Let it be required, for example, to find the indiction of 
*the year 1813. If 3 be ad^ to 1813, we shall have 1816, 
V o 2 
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and if tilSs suAd|^>^|ivided bv 15» the remainder wit^4»e 
Hence it the mdiction for 1. 

Of the » and sortie other p^^ds of thfi like 

kind. 

The Julian period is foimed by combining together tlie 
lunar eyrie of 19 yearn, the solar of 28, and the cycle of 
mdiction ot 15. The first year of this period is supposed 
to have been that Inch corresponded to 1 x)f the lunar 
cycle, solar cycle, and I J the cycle of indictiom 

If the tiilmhers 19, 28 and i.' be multiplied together, 
the product 7980 will be the number of years compre- 
hended in the Julian period ; and we are assured by the 
laws of combination, tliat there cannot be in one revolu- 
tion two of these years winch have at the same time the 
same numbers. 

This period is merely an artificial one, invented by Julius 
Scaliger ; but it is convenient on account of its extent, as 
we can refei to it the commencement of all known »ras, 
and even the creation of the world, were that epoch cer- 
tain ; foi act oi ding to the common chronology, it wa.^ only 
3950 years before the Chiistian sera. But the commenoe- 
ineut of the Julian period goes 4714 ycais beyond that 
aera; and beiue it lollows that the creation of the world 
(jprresponds to the year 7G^i of the Julian period. 

The method by which it is found that the year of the 
birth of Jesus Christ was the 47l 1th of the Julian period, 
IS as follow's. It IS shown, by a retrograde calculation, 
that if tlie three cycles, viz, the solar, lunar, and mdiction, 
had been in use at the birth of Christ, the year in which 
he was born would have been the 2d of the lunar cycle, 
the 10th of the solar, and the 4th of thce\ele of mdiction* 
But these characters belong to the year 4714 ol the above 
period, as will be seen in the foll<n\ mg pioblem. Tiut 
year therefore must be adapted to the year of the birth of 
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^hnr^; fisom which if we proceed back|(-|jrds^ emulating 
the intervals of anterior events, from 
and sacred/^iptures, it will be foil«S|i^«^^|here were 
3950 ^ears be^^en that period and of Adaih* 

If 3950 then be subtracted from 4714, t]i6'Veniainder will 
be 764 ; so that the Julian period is anterior to the crea- 
tion of the world by 764 years. 

PROBL1.M XKl. 

Any y^r of the Julian period being given ; to find the corre- 
sponding year of the lunar cycle ^ the ^olar and the 

cycle of indict ion, ^ 

Let the given year of the Julian period be G522. Divide 
this number by 19, and the remainder 5, neglecting the 
<}uotient, will be the golden number; divide the same 
number by 28, and the remainder 26 will be the year of 
the solar cycle; if 6522 be then divided by 15, the re- 
mainder 12 will indicate the indiction. If nothing remains, 
when the given year has been divided, bv tlie number be- 
longing to one of these cycles, that niimher itself i.s the 
Dumjjer of the cycle. Thus, if the year 652.5 were pro- 
posed ; when divided by t5 nothing renuuns, and therefore 
the indiction is 15. 

‘ But if It were required to find what year of the Chrisdan 
sera corresponds to any given year of the Julian period, 
iiuch for example as 6522, nothing is necessary but to sub- 
tract from it 4714 ; the remainder 1808 will be the num- 
ber of years elapsed since the cominenccment of the 
Christian sira. 

All this IS so plain that ii requires no faithcr illustration. 
PROBLEM XXn. 

The lunar and solar cycles and th^ cycle of indiction cone- 
sponding to any year being giveiij to find its place in the 
Juiian period* 

Multiply the number # the lunar cycle by 4200, that 



198 


CHKONOLOG\* 


of the s^Iar cvo^ by 4845, and that of the indictiim 

Add togeti^j^lthese products, and divi^the sum by 
7980 ; the uij0&^.'wh\ch remains will indicate the year of 
the Gillian p^Whid^. 

Let the lunar cycle be 2, the solar 10, and the indiction 
4 ; which is the character of the first year of the Christian 
eera. In this case 4200x2 = 8400; 4845x 10=48450; 
and 6916 X 4=27664 ; the sum of these products is 84514, 
which divided by 7980, leaves lor remainder 4714. The 
year therefore in the Julian pc od, to which the above 
characters correspond, is the 4714th, or the origin of the 
Julian period is 4713 years antenor to the Christian sera. 

Remarks. — I. There is another period, called the 
Dionysian, which is the product of the lunar cycle 19, and 
the solar cycle 28 ; consequently it comprehends .532 
years. It w'as invented by Dionysius Exiguus, about the 
time of the council of Nice, to include all the varieties of 

* The year of^the Julian period may be found also by the following 
general rule. Multiply the gulden number by 3780, and the indiction by 
1064, subtract the sum of these products fiom the prurluet ot 484j|li ipulti- 
plied by the jbolar cycle ; divide the diffcience, if it can be done, by ?9B0, 
and the remainder will be the year of the Juimn period. 

' The reason of tbii> rule may be found in the solution of the fbllowtng aj- 
gebrnic problem : Tt find a number which divided by 28, shall leave for re* 
maindei a, divided by 19, shall leave b; and by 15, sihall leave i. 

Call the three quotients, ansing fiom the division of the required number 
accoi^ing to the terms of the problem, or, y, *, Then the number wilt be 
»28ir+a=al9y + i*15»+c. From the first equation Ut9i>a»i9 
9»+tf— 5 9x+a^lf 

we have yaw + > Now since is an integer number, let ui 

9+5 

suppose It = m, then m «» j if*:2 wi+ — of mefcipg 
«— <r+6 ^ 

— jj— or in-19n + e— ^wchavc by substitution, »=* 19 n+ 2 e-*2 4. 

Therefore 28ir + ««532 n + 67 a-56 5-15« + c by the third quotient; and 
by resolving this equation in the sanu manner, putting p and 9 to denote the 
successive fractions, we shall find the nuii|bei sought to be 15 a + cs79809 + 
♦843 0-37800 5-1064 c. / ^ 
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, 0ew moons and of the dominical letters; so that, after 
year^ they were to recur in the which 

wpuld have, Wen very convenient Easter and 

the inovealwo<^ts j but as it snppose^lKwSbr cycle to 
be poKectly coh'ect, wind) is not the^wli^^his pe](|od is 
no longer used. 

IL As among the cycles of the Julian period there is 
one, viz, that of indiction, vvhich is merely a political in- 
stitution, that is, which has no relation to the motions of 
the heavenly bodies, it would have been of more utility 
perhaps, to substitute in its stead that oi the epaets, which 
is astronomical, and contains 30 years : the namber of 
years of the Julian period would, in this case, have been 
15960 . This period of 15960 years, was called by the 
inventor of it. Father John Louis d’Amiens, a capuchin 
i^iar, the period of Louis the Great. But it does not appear 
that it met with that reception from cbronologists, which 
the author expected. 

0/ some Epochs or Periods celebrated in Ihstory. 

1 . 

, first of these epochs is that of the Olympiads. It 
takes its name from the Olympic games, which, as is well 
known, were celebrated with great solemnity every four 
years, about the winter solstice, throughout all GrcCdte. 
These games were instituted by Hercules ; hut having 
fallen into disuse, they were revived by Iphitus, one of 
the Hcraclid®, or descendants of that hero, in the year 
^76 before Jesus Christ; and after thul time they continued 
to be celebrated with great regularity; till the conquest 
of Greece by the Romans put an end to them. The «ra 
or epoch of the olympiads, begins therefore at th^ summer 
solstice of the year 776 before dbrisf . 
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PROBLEM XXIll. 

Tc^.mivertj/eaf^i^^e Olympiads into years ij^e Christian 
and vice versa, 

1st. To solve this problem, subtract unity from the 
number of the olympiads, and multiply the remainder by 
4 ; then add to the product the number of years of the 
olympiad which have been completed, and from the last 
sum subtract 115 ; or, if the sum be less, subtract from 
776 : in the first case, the result I'ill be the current 5^ear 
of the Christian tera, and in th.. second, the year before 

that leia. 

J^et tlic proposed year, for example, be the third of the 
76th olympiad. Unity subtracted from 76 leaves 75, ^vhiefa 
multiplied by 4 gives for product 300. The complete 
3'cars of an olympiad, while the third is current, are 2; if 
2 therefore be added to 000, ^^c shall have 302. But as 
302 is less than 775, we must subtract the former from 776, 
and the rcni^iirider 474, will be the current year before 
Jesus Christ. 

As a second example we shall take the 2d year the 
201 3t olympiad. If one be subtracted from 201, the re- 
piainder is 200; which multiplied by 4 gives 800, and J 
complete year being added makes 801. But 775 subtracted 
from 801 leaves 26 , which is the jx^ar of the Christian aera, 
corresponding to the 2d year of the 201bt olympiad. 

2d. To^fionvert years of the Christian aera into j^ears of 
the olympiads, the number of years, if anterior to the 
birth of Christ, must he subtracted from 776 ; or, if gjps- 
terior to that period, 775 must be added to them: if the 
result b<|»divided by 4, the (pioticnt increased by unity 
ivill be the number of ^ olympiad ; and the remainder, 
also increased by unity, will be the cunent year of that 
olympiad. 
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the.proposcd year, for example, 1715, By add- 
me suPi is 24W; and this nun^beart divided by 4, 
gives for ^'22, with a Tlic yejir 

1715 tjierefof^^s ti c 31 ye ir ol the ^^SSj^lympiad ; or 
more^^orrectiy/^l^^' niouihs o" ihc 1715|^ith 

tht first SIX m vnths of l7i6, corrc'^poiidcd lu the 3d year 
of the 623d olympiad. 

II. 

Thcasra of the Tlogira is that us(‘(! hy tin' <;re.Lfer part 
of the ftlllowers of IVlahomet . it is t‘inpl»)\ id bv the Arabs, 
the 'I’urks, the various nations in Afnc.i, , c()n^cqllc^tly, 
it IS neccssar\ tliat those who stud\ then history, should 
be able to convert the vears of the Iie^ii.i into those ol the 
Christian irra, and vice versa. 

For this purpose, it must be fust ohseived that the, years 
of tlic hegira are neaily lunar , aiui «is the lunar yeat, oi 
12 complete lunations, forms 3 vt day - S hours 4cS minutes , 
if the year were alu avs iiiadi* to coiis.si of 35 t f'» 355 days, 
the new moon would soon sensibly (ii'vj.ite from the com- 
mencement of tlie year. To pi event tins ineonve tiience, 
apei^d of 30 vears has Ireeii invented, in wl ich tlicre are 
10 common yeais, that is to say of .3^4 davs ; and 1 1 ein~ 
boiisimc, or of 355 days. The latter are the 2d, 5th, 7tl>/* 
10th, 13th, 15th, 18th, 2lst, 24th, 26th, and 21)th. 

It is iS) he observed also, that tiie first year of tlie 
hegira began on tlie 1 5th o( duly, 622, of thf^ (^iristiari 
isra. 

^ PKOR^FMXXn. 

To find the year of the Hegira which corresponds given 
Julian yeai^ 

To resolve this problem, it must hrst be observed that 
288 Julian years form iiearjy 235 ye ars of the Hegira. 
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This beiifg supposed, let us take, as example, the 
1770 of the Christian aera. Now as 621 years Complete of 
our sera had elapsed when the hegira begai^ wc must first 
subtract these from 1770, and the remaij^d^r will be I149, 
We\)ust then employ this proportion : if 228 ,^lian 
years give years of the hegira, how many wdil 1149 
give: the answer will be 1184, with a remainder ol 99 
days. The year 1770 therefore, of the Christian ®ra, 
corresponded, at least in part, to the year 1184 of the 
hegira. ^.5 

On the other hand, if it be r» juired to find the year of 
the Christian aera wdiich corresponds to given year of 
the hegira, the reverse of thi^ operation must be em- 
ployed ; the number thence resulting will be that of the 
Julian years elapsed since the commencement of the <be* 
gira; and by adding 621, we shall have the current year 
after the birth of Christ. 

We shall say nothing further on this subject, but ter- 
minatc the present article with a few useful tables. The 
first cbntaiwthe dates of the principal events recorded in 
history, and of the commencement of the most celebrated 
«ras; the second is a table of the golden niimb^ Ipr 
every year from the birth of Christ to 5600; the^hird 
'a table of the dominical letter^ from 1700 to 5600; Jthc 
fourth a table of the index letters for the same period ; the 
fifth a table of the epacts ; and the sixth a talSle of the 
calends, nones, and ides. 
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A TABLE 



OJ thi years af Ihe most remarkable Epochs or 

1 

1 

Events. 



Kemarkable Events 

Julian 

Years of 

Years be- 


Pei lod. 

the World 

fore Christ 

The creation of the world . 

70f) 

0 

4007 

The deluge, or Noah’s flood . 

2362 

1656 

2351 

Assyrian monarchy founded by 




Nimrod 

2537 

1831 

2176 

The birth of Abraham . . . 

2714 

2008 

1996 

Kingdom of Athens founded 




fey Cccrops ...... 

3157 

2451 

1556 

Entrance of the Israelites into 




Canaan ....... 

;!2fi2 

2556 

1451 

The destruction of Trov . . 

'xm 

2823 

1184 

Solomon’s temjilc founded 

3701 

2995 

1012 

The Argonautic expedition . 

3776 

3070 

937 

Lycwrgus formed his laws 

3829 

3103 

884 

ArbaOes 1st king of the Modes 

383K 

31J2 

875 

Olympiads of the Greeks be- 




gan 

3938 

3232 

775 

Rome built, or Homan aera 

3961 

3255 

75«i ‘ 

./Era of Nabonassar .... 

3967 

3261 

746 

First Babylonish captivity by 




Nebuchadnezzai .... 

4107 

3401 

606 

The 2d ditto, and birth of Cy- 






4114 

3408 

599 

Solomon’s temple destroyed . 

4125 

3419 

588 

Cyrus began to reign in Baby- 

Jh? 


4 

Ion 

3471 

536 

Peloponesian war began . . 

4282 

3576 

431 

Alexander the Great . 

4390 

3684 

m 
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Remarkftble Events. 

f 

Julian 

Period. 


Years 

foreChriiiil 

Captivity of 100,000 Jews by 




Ptolemy 

4393 

3687 

3^20 

Archimedes killed at Syracuse 

4506 

3800 


Julius Cipsar invaded Britain . 

4659 

3953 

54 

He corrected the calendar 

466T 

3961 

46 

The true year of Christ’s birth 

4709 

4003 

4 


Christian JEra b nns here. 


Remarkable Events. 

Dionysian, or vulgar a^ra of 

Julian 
pc 110(1, 

Ycar<5 of 
the Woild. 

Years gii 
Christ. 

Christ’s birth 

Christ crucified, Friday April 

4713 

4007 

0 

3d . . * 

4746 

4040 

33 

Jerusalem destroyed . . . 

4783 

4077 

70 

Adrian’s wall built in Britain 
Dioclesian epoch, or that of 

4833 

4127 

120 

Martyrs 

4997 

4291 

284 

The council of Nice . . , 

5038 

4332 

325 

Constantine the Great died 

The Saxons invited into Bri- 

5050 

4344 

337 

tain 

Hegira, or flight of Moham- 

5158 

4452 

445 

med . , 

Death oFMobammed . . , 

5335 

4629 

662 

5343 

46J7 

630 

The Persian yesdegird • . . 
Sun, moon, and planets, seen 

5344 

4638 

631 

from|he earth 

5899 

5193 

1186 

Art of printing discove|ed 
Constantinople taken ny the 

6153 

5447 

1440 

Turks 

6166 

5460 

1453 

Reformation begun by Lutb^/f|^230 

5524 

1517 
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'i'he calendar corrected by 
Pope Gregory 

, Period. 

tiie World. 

Christ. 

6295 

5589 

1582 

Sir T^ac Newton born . . . 

6355 

5649 

1642 

Made presuleni of the Royal 
Society 

6416 

5710 

1703 

Died, March 20ih .... 

6440 

5734 

1727 

New pUrtctdiscovcrcd by Hers- 
chei . * . 

6494' 

5788 

1781 

New planet discovered by Pi- 
azzi 

6514' 

5808 

1801 

New planet discovered by Gi- 
bers . . 

6515 

5809 

1802 

New planet discovcud l)y 
Harding .... . . 

6517 

5811 

1804 

Second new planet discoveied 
by Gibers 

6520 

5814 

1807 


Table of some other remark able events , relating chitjly to 
the Arts and Sciences, 

A.B* 

Use ofbclls introduced into cliurchrs 605 

Alexandrian librar> destroyod and s |it cotu|ncrecl ’ 

by tile Saracens 641 

Or^iaiis brsl ll^ed in churches 660 

Glass invented by a bts])o|i and brou^dit to Kn^lauil 

a Benedictine monk 663 

Ara/jic cypher*^ introduced into Kurope by the Sa- 
racens 991 

Astronomy and Geography brought to Kurope 

the Moors 1120 

Algebi a brought to Europe from Arabia .... 1200 

Silk manufacture introduced at Venu e from Guece l‘io9 
Spectacles invented by oi Jhsa . * . 1299 

Tiie manner’s compass in^ted or i in proved by 

1302 
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Gunpowder invented by a monk of Cologne • 
The art of weaving cloth brought from Flanders 

to England 

Cannon first used in the English service by the Go* 

vcrnor of Calais . , 

First company of linen-weavers settled in England 
Cards invented for the amusement of the French 

king . 

Great guns first used in Engl^ d at the siege 

Berwick 

paper made of I men rags invented 

Printing invented m Germany 

Engraving and etching invented 

Cape of Good Hope discovered 

Geographical maps and sea charts brought to Eng- 
land , 

America discovered by Columbus 

First voyage round the world by Magellan , . . 

Variation of the compass discovered by Cabot , . 

Iron cannon and moi tars made 111 England . . . 

Glass first manufactuied in England ' 

First proposal of settling a colony in America . 

Bomb-shells invented at Venloo 

Telescopes invented by Jansen, a spectacle- maker 

of Holland 

Art of ^ving stockings invented by Lee in Cam- 
bridge 

Watches brought to England from Germany . . 

Thermometers invented by Drcbbel, a Dutchman 
Gahlecf^iirst observed three of Jupiter's satellites, 

Jan, 'ftb V . . 

Logarithms invented by Lord Napier of Scotland 
Circulation of the blood discovered by Harvey . 
Gazettes first published at 

Transit of M^cury over tlie disk first observed 

by Gassendi, Nov, 17 th 


I 1331 

I 

198 S 

1386 

1391 

1405 

1417 

1440 

1459 

1488 

1489 
1492 
1522 
1540 ' 
1543 
MS? 

’lS83 

1^88 

1590 

4590 

Ibio 

1610 

1614 

1619 

16^0 

1631 
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t]M^im>.cot^dea}ned by tli« luqumfion 

French academy established, Januar}^ .... 
Triuisit of Mercury observed by Cassini, Nov, 11th 

Polemoscope invented by Hevelius 

Transit of Venus observed by Horrox, Nov. 24th . 

Barometers invented by Toricelli 

Royal academy of painting founded by Louis XIV. 
Galileo first applied the pendulum to clocks . . 
Air p,u1^ invented by Otto Gucric of Magdeburg 
Huygens first discovered a satellite of Saturn, 

March 25tb .... 

Royal Society oi Lcjiidon' established, . I ulv I5tli . 
Royal academy of inscriptions and belles-lettres 

"founded 

Academy for sculpture cstabiish(‘(l in France . . 

The observatory of Fans founded . , . . 

Magic lantern inventi^d by Kirclier 

Academy of sciences establi*-l>ed in France . . , 

Cassini (liscovcied 4 of Saturn’s satellites in the 

course of a few years 

The rOjal obsei vatory at Greenwich built . . . 

Th<i anatomy of plants made known by Grew 
Th^ Newtonian philosojjby was pT’blished . • . 

, The academy of Sciences founded at Berlin . . 

Acadeni} of sciences establij»hed at Peieisbuig 
Aberration of the fixed stars discoveied and aj;- 

^jBpunted for by Bradley 

Tr^isit of Mercury observed by Cassini, Nov. 1 Ith 
Acaldemy of sciences founded at Stockholm , . 

New style introduced into Great Britain, Sept. 

being reckoned Sept. 14th 

British Museum established at Montague-House . 
Transit of Venus over the .sun, J une 6'tli . , , 

Royal academy 'of arts e^|^islu;d at London . . 

Transit of Venus over thd'^S’s disk, June 8d . . 


A. 11. 

1633 

1635 

1636 

1637 
1639 
1643 
1643 
1649 

1654 

1655 
1663 

1663 

1664 

1664 

1665 

1666 

1671 

1676 

1680 

1686 ^ 

1701 

1724 

1727 

1736 

1750 

1752 

1753 
1760 

1768 

1769 



CHTIONOLOOY* 


Eminent British Philosophers and Mathenutt^iaii^l 

l&icd. 

Arbuthnot, John, M.D . . . . ,1705 

Bacon, Roger, plnlosopher 1294 

Bacon, Lord, ditto 1626 

Barrow, Isaac, mat heindtician . 1677 

Boyle, Robert, pliil ; V'i 1691 

Brcrewood, Edward, phil. and nuitli ;il613 

Briggs, Heur)^, math. ... 1630 

Chcyne, George, phys. and plni. ' 1748 

Clark, Samuel, phil. and math. 1729 

Cook, James, navigator 1779 

IJcrham, William, phil 1735 

Dudley, Sir Robert, phil. and math 1639 

Evelyn, Joiin, phil 1706 

Ferguson, James, phil. and niech . 1776 

Graham, Gcoi ge, math, and mech 1751 

Gregory, James, prof. St. Andrew's 1675 

Gregory, David, prof. Oxtoid, astronomy . ^ • 1708 

Gunter, Edmund, astroii ^ 

Hales, Stephen, phil & J761 

Halley, Edmund, astron 1^42 

Harriot, Thomas, math 163l\ 

Harrison, John, inventor of the timc-kceper • . 1776 

Harvey, William, phys. dis. cue. of the blood . . 1657 

Horrox, jlbremiah| astron. . . iHi 

Keil, John, math, and astron 1721 

Locke, John, phil . . 1^4 

Long, Robert, astron ITKTO 

Lyons, Israel, math. • , . . 1775 

Maclaurin, Colin, math. 1746 

Newton, Sir Isaac, math, and phil 172? 

Pell, John, math 1685 



PHILOSOPHERS, fiCC. 


m 

Pied. 

P^bertoti, Henry, phil. . . / 1771 

Itay,^Joht)[, phil 1705 

Simpson, Thomas, math 1761 

Watt^y Isaac, phil. and math 1748 

Whi^f on, William, astron . . . . 175^ 

Wilkins, John, phil 1672 

Wren, Sir Christopher, math 1723 
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1 ABLL Ol- THL 


For ever }j year since the birth of Christy 
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66 
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48 

07 
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11 

30 

49 

68 
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50 

69 
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13 
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51 

70 
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^ 

X'ABUi OK lilt INDKX LET TEUS* " | 


from 1700 to 5600. 


i 

! c 

1700 

Metemptobis ^ 

P 

3700 

Met. 

! C 

1800 

M. proem tobis j 

II 

3800 

Met. 

B 

igoo 

Met. 

n 

3900 

Met. & proem. 

! B 

2000 

Bissextile 

11 

4000 

Bissextile 

I B 

2100 

Met. & proem. 


4100 

Met. 

! A 

2200 

Met, 


4200 

Met. 

u 

2300 

Met. 

t 

4300 

Met. & proem. 

A 

2400 

Bissex. & proeiiu 

i 

4400 

Bissextile 

11 

2300 

Met. 

k 

4500 

Met. 

t 

2600 

Met. 

k 

4600 

Met. & proem. 

t 

2700 

Met. & proem* 

i 

4700 

Met. 

t 

2800 

Bissextile 

i 

4800 

Bissextile 

a 

2900 

Met. 

1 

4900 

Met. & proem. 

a 

3000 

Met. & proem. 

h 

1 5000 

Met 

r 

3100 

Met. ! 


5100 

Met 

r 

3200 

Bissextile 

H 

j 5200 

Bisse^t & proem. 

r 

3300 

Met. & proem. 


1 5300 

Met 

q 

3400 

Met. 

f 

5400 

Met 

P 

3500 

Met. 

f 

5500 

Met k proem. 

q 

3600 

Bissext. & proem. 

f 

5600 

Bissextile*, 


* Meteaipt06iS| or tlie solai equation, is the ^suppression of a day. There 
was a meterziptosis in the year 1800, because that year winch ought naturiJly 
to have been bissextile, was nut i>o. Since the reformation of the calendar it 
takes place three times in 400 years. ^ 

f Troemptosis, or the lunar equation, is the anticipatiun of the new moon. 
There la a pioemptosui in about eveiy 30U years, because the new mooi|,^|4kes 
place then a day stioiier than it ought to do. 
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CHKOKOLOGY, 


A Table of the Calends, Nones, atid tjOEs. 


Apr. Jube, 
Sept. Nov. 

Jan. Aug. 
December. 

March, May, 
Jul;y, Oct. 

February. ' 

Calcudee 

Calendae 

Calendae 

Calendae 

IV 

IV 

VI 

IV 

in 

III 

1*“ 

in 

Pnd. Non. 

Pnd. Non, 


Prid. Non. 

Nonce 

Nonce 

ni 

Nonce 

VIII 

VIII 

Prid. Non. 

vin 

VII 

vu 

Nonae 

VII 

VI 

VI 

vin j 

VI 

V 

V 

vn 

V 

IV 

IV 

VI 

IV 

111 

in 

V 

I in 

Prid. Id. 

Prid. Id. 

IV j 

1 Prid. III. 

Idus 

Idus 

in ' 

Win 

XVIII 

XIX 

Prid, Id. 

XVI 

XVII 

XVIII 

Idus j 

XV 

XVI 

xvn 

xvn 

XIV 

XV 

XVI 

XVI 

Xlll 

XIV 

XV 

XV 


XIII 

XIV 

XIV 

x\ ^ ■ 

Xll 

xin 

xin 

X 

XI 

XII 

xn 

IX 

X 

XI 

XI 

VIll 

IX 

X 

X 

. 

VIII 

iX 

IX 

VI 

VII 

vin 

VIII 

Y 

VI 

, vu 

vn 

IV 

V 

VI 

VI 

in - 

IV 

V 

' V 

Prid. Cai; 

111 

IV 

IV 

'Martii, ' 

Pnd. Cal. 

in 

in 


Mepsis se- 

Prid. Cal. 

Prid. Cal. 


quentiR 

Mens. seq. 

Mens. seq. i 
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iJsE OP THE FORBOOING TaBLES, 

Table of the Golden Numbers. 

lrbi$ table contains the centenary years, that is to say , the 
last years of each century, arranged in cells at the top, and 
the intermediate years in the ten cells on the left liand. 
The centenary years which have the same golden number, 
are placed in different cells, but below each other in a lino, 
as 1800, 3700, 5600. The golden numbers belong, some 
to the centenary years, and others to the intermediate 
years. The former are placed in a row by themselves 
below the centenary years, and are as follow : 1, 6, 11, 
16, 2,7, 12, 17, 3, 8, 13, 18, 4, 9, U, IIS 6, 10, and 15. 
The latter will be found in a line with ilie iiiiei mediate 
years distributed in 30 different cells. 

I. Now to find the golden number of a centenary year, 
for example 1800 ; first look for the centenary year in the 
cell to which it belongs, and immediately below it, in the 
row at the bottom standing by itself, will be found 15, 
which was the golden number of that year. 

IL To find the golden number of an i liter aicdi ate y^ar, 
1813 for example. Fmd the centenary year 1800 in Hs 
proper cell, and the intermediate year 13 in the cells on 
the left hand ; then on a line witn 13, and exactly below 
1600, will be found 9, the golden numtier of 1813, It is 
here to be observed that this tabic, though pi mied on two 
separate pages, for the sake of convenience, forms only 
one, the lines in each page being so arranged as to cor- 
respond, The case is the same with the lollowing table 
of the dominical letters. 

2d. Table of the Dominical Letters. 

The centenary years are arranged in this talde, as in 
the preceding, in the four cells at the top, <uid tiic inter- 
inediate years in the seven cells on the left. Ail the cen- 
tenary years which have the same dominical letter, arc c - 
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ranged together in one cell. Those which hiW'c! ir6r do- 
minical letter in the firsts those which have tlie 
cond, those which have a in the third, and thOije which 
have BA in the fourth* As in 40 centenary yeaf;!, tlie 
number comprehended in this tabic, there are 10 bisieR-^ 
tiles, these 10 3^ars have been placed in the fourth cell, 
and the other SO in the first three. The intermediate years 
placed horizontally in the same cell differ by 2S years, be- 
cause the solar cycle contains only that number. Thus 
the difference between 1 and 2P n the first cell, is 28, and 
the case is the same with 29 nna 51, &c. Each collateral 
cell contains four perpendicular rows, consisting each of 
four numbers, because a bissextile recurs every four years. 
The four first dominical letters, in the four upper cells, 
viz, B, t), F, G, correspond to the numbers 1, 29, 57, 85, 
in the first cell of intermediate years ; the case is the same 
with the dominical letters in the next row, a, c, f, in 
regard to the numbers 2, 30> 58, 86 ; and so on through- 
out the table. 

I. To find the dominical letter of a centenary year, 
1800 for example. Look for 1800, which stands in the 
second cell at the top, and immediately below it will be 
found the letter e. 

II, To find the dominical letter of an intermediate year, 
as 1813. First find the centenary year 1800 in its proper, 
cell ; then look for 13 among the intermediate years, on 
aline with which, and below tlie cell containing 1800, will 
be found the letter c. 

3d. Table of the Index Letters^ and Table of the Epdets, 

The use of the first of these tables will readily appear, 
when we have explained the nature of the second. The 
table of the epacts contains the golden numbers in the ho- 
rizontal column at the top ; the index letters are arranged 
in the first perpendicular column, and the c])acts in co« 
lumns parallel to it. Now if the epact of any year be re- 
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qaircd ; first jfind the golden number of the proposed year, 
and, in the table of index letters, the letter corresponding 
to the century ; then look for the same letter in the table 
of the epacts, and also for the golden number at the top; 
and Oft a line with the index letter, and directly below the 
golden number, will be found the epact required. 

Let it be proposed, for example, to find the epact of 
1813, the golden number of which is 9. Look in the table 
of the index numbers, and it will be found that the letter 
corresponding to 1800 is c; then find c in the first co- 
lumn on the left ol the table of epacts ; and on a line with 
it, and directly below ix among the golden nnnnbers, will 
be found xxviii, the epact of the year 1813- The epact of 
any other year, till the year 5600, may be found in like 
manner. 

4th. Table of tfie Calends^ Nones^ and Ides. 

This table requires little explanation , look for the given 
month at the top, and in the coiiunu below it, and oppo- 
site to the proposed day, will be found the corresponding 
day of the Roman calendar. The day of out calendar, 
corresponding to any given day of the Roman calendar, 
may be found with the same case. 




MATHEMATICAL 


AND 

PHILOSOPHICAL 

RECREATIONS. 


PART SEVKNTH. 

Containing the moU useful and interesting Problems m 
Gnomonks or Dialling. 

Gnomonics or Dialling is the art of tracing Out on ^ 
plane, or even on any burface whatever, a sun dial ; that 
a figure, the different lines of which, when the sun shineiri ^ 
indicate by the shadow of a style tjhe different hours of the 
day. This science depends therefore on geometry and' ^ 
astronomy, or at least on a knowledge of the sphere* 

As many people construct sun-duls without having a 
clear idea of the principle which serves as a basis to this 
part of the mathematics, it may not be improper to begin 
with an explanation of iL 

The General Principle of Sun-Dials. 

Conceive a sphere, with its 12 horary circles or meri- 
dians, which divide the equator^ and consequently all its 
parallels, into 24 equal parts* Let this sphere be placed 
in a situation suited to the position of the dial ; that is, let 
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its axis be directed to the pole of the place for which the 
dial is constructed, or elevated at an angle equal to the 
latitude. Now if we suppose a horizontal plane cutting 
the sphere through its centre, the axis of the sphere will 
represent the style, and the different inteVsections of the 
horary circles with that plane will be the hour-lines ; for 
it is evident, that if the planes of these circles were infi- 
nitely produced, they would form in the celestial sphere 
the horary circles, which divide the solar revolution into 
24 equal parts. When the sun lerefore has arrived at 
one of these circles, that of 3 in th.* afternoon for example, 
he will be in llic plane of the similar circle of the sphere 
above mentioned ; and the shadow of the axis or style will 
fall upon the line of intersection, which that circle forms 
with the horizontal plane ; this line then will be the line 
of 3 o’clock ; and so of the rest. 

All this IS illustrated in fig. 1 plate 1, which represents 
a part of the sphere, with six of the horary circles, pp is 
the axis, in which all these circles intersect each other ; 
ahb A the horizontal plane, or horizon of the sphere, in- 
definitely continued ; ab the meridian ; de the diameter 
of the equator, which in the meridian; and dheA the 
circumference of the equator, of which due is a half, and 
OH a quarter. This quarter of the equator is divided 
into six equal parts, d 1 , 1 2, 2 3, 3 4, 4 .5, 5 6, and through 
these pass the horary circles, the planes of which evidently 
cut the horizon in the lines cl, c 2, c 3, c 4, c 5, c 6 : 
these are the hour-lines ; and if we suppose them conti- 
nued to AF, which is perpendicular to the meridian ca, 
they will give the hour-lines ci, cii, cm, civ, c v, 
cvi. The style will be a portion cs of the axis of the 
sphere ; which consequently ought to form with the me- 
ridian, and in its plane, an angle sc a, equal to the height 
of the pole or pca. 

Should this reasoning appear too dry and tedious, an- 
other method may be employed to acquire a clear idea of 
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the principles of dialling. Construct a solid spherci <ii« 
vided by its 12 horary circles^ and cut it in such a manner 
that one of its poles shall form with the plane of the section 
an angle equal to the height of the pole of the given place. 

If the sphere, cut in this manner, be then made to rest 
on a horizontal plane, with its pole directed towards the 
pole of the world, the points where the. horary circles in- 
tersect the horizontal jilane, will be readily seen ; and the 
common section of all the circles, which is the axis, will 
show the position of the style. 

For the sake of illustration, we have here supposed the 
section of tlie sphere to be formed by a horizontal plane ; 
but if the plane were vertical, the case would be similar, 
and the lines of intersection would be tlic hour* lines of a 
vertical dial. If the plane be declining or inchmng, we 
nhall have a declining or inclining dial : it may even be 
easily seen that tins holds goorl in regard to every surface, 
whatever be its form, convex, concave, or irregular, and 
whatever mav lx* its position. 

The style is an iron rod, generally placed m an inclined 
direction, the shadow of which serves to point out the 
hours: as before said, it is a portion cs of the axis of the 
sphere; and in that case it shows the hour by the shadow^ 
of its whole length. ► , ' 

An upright style, however, such as is somotimea 
given to dials; but in that case it is only the shadow of the 
summit s that indicates tin', hour, because this summit is 
a point of the axis of the sphere, 

, The centre of the dial is the point c where all the hour* 
lines meet. Jt sometimes happens, however, that these 
lineS' do not meet. This is the case in dials whiclLhave 
their plaits parallel to the axis of the sphere ; for it is evi-^ 
that in such dials the intersections ot the horary cit- 
cles must be parallel lines. These dials are called dials 
without a centre. Vertical east and west dials, and dials 
turned directly towaids the south, and inclined to the hu 
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rizon at an angle equal to the latitude, or which if pro- 
ducM would pass through the pole, are of this number* 

The meridian line, as is well known, is the intersection 
of the plane the meridian with the plane of the dial; 
when the plane of the dial is vertical, it is always perpen- 
dicular to the horizon. 

The substylar line, is that marked out by the plane per*^ 
pendicniar to the plane of the dial, and passing through 
the style. As this line is of great iniportancc in declining 
dials, it is necessary to have a ver^ iistinct idea ol it. For 
this purpose, conceive a perper .iicu ar let fail on the 
plane of the dial, from any point in the style; and that 
a plane is made to pass through the style and the perpen- 
dicular*: this plane, which Will necessarily be perpendi- 
cular to that of the dial, will cut it in a line passing through 
the centre, and through the bottom of the perpendicular, 
and this line will be the substylar line. 

This line is the meridian of the plane ; that is, it shows, 
the moment at which the elevation of the sun above that 
plane is greatest. Care however must be taken not to 
confound this meridian with the meridian of the place^ or 
the south line of the dial ; for the latter is the inter:^.. 
tion of the plane of the dial with the meridian of the 
place, which is the plane passing through the zenith of 
the place and the pole ; whereas the meridian of the plane 
of the dial, is the intersection of that plane with the meri- 
dian, or the horary circle passing through the pole and 
the zenith of the plane. 

In the horizontal plane, or any other which has no de- 
clination, the substyle and the meridian of the place co- 
incide ; but in every plane not turned directly towards the 
south or the north, these lines form greater Jites anglei* 

Lastly, the equinoctial is the intersection of the plane 
of the equator with the diah it may easily be seen that 
this line is always perpendicular to the substyle. 
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PROBLEM 1.5 (A 

T0 Jind the Meridian httie on a lIor%;^nial Phme^ 

Tp fiitd the meridian line, is the basis of iJie whole art 
of constriSctin^ sun-thak ; hut as it is at the sauie time the 
basis of ail astionomical operations, and as we have ak 
ftiady treated of it at full length in that part of tins work 
which relates to astronomy, it would be needless to repeat 
here what has been already said ojj the subject. We shall 
therefore eotifinc ourselves to one ingcnioiiN and little- 
known operation. 

We shall give also hereafter a method of determining 
the position of the meridian line at all times, and m all 
places, provided the latitude be known. 

PROBLEM IK 

To find the Meridian by the Observation of three Unequal 

Shadows, 

The meiidian line on a horizontal fil.ine is found 
nerally by means of two e(|ual shadows of a pcrj)endiculaf, 
style; the one observed in the forenoon ind tiie pther in 
the afternoon. For this purpose, several concentric cir- 
cles are described from the bottom of the stvio ; but 
withstanding this precaution, it’ may hajjpun that it will 
be impossible to have two shadows equal to each othei"* 
This inconvenience however may be remedied by tl}re% 
observations, instead of two. For this ingenious methoa, 
we are indebted to a very old autlior on Gnomonics, 
named Muzio oddida Urbino^ who published it in a trea- 
tise etltitled Orologi solari ndle mperficie piant. This 
aiitKof'was exceedingly devout; for he piously thanks 
Obr Lady ^ ILoretto for having communicated to him, by 
the "precepts he has taught in his work. The 
operatidilthls its follows. ^ 

Let p (pi, '2) be the bottom of the sty Iq/ and v$ its 
heigtit; and let three shadows projected by It be pa, vb 
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and Fc; which suppose to be unequal, and let pc be the 
shortest of theuj^ From the point p draw pd, pe and pf 
peipenHiciilars to p\, pi and pc, and all equal to each 
other, as w^l as to ps. Draw also the lines da, eb and 
PC, on the two largest of which, viz, da and eb, assume 
DO and EH equal to re; then from g and h draw Gi 
and UK perpendiculars to pa and pb, and join the points 
I and K by an indefinite line : make im and kl perpendi- 
cular to IK, and equal to r.i and kh ; and draw ml, 
whicli will meet ik in the poi. N ; if througli n and c 
the line cn be drawn, it will b»‘ perpendicular to the me- 
ridian ; consequently by drawing, from P, the line Po, 
perpendicular to cn, it will be the meridian required. 

As the deiTionstnitioii of tins problem would be too 
long, we must refer the reader to the fifth book of a work 
by Schooten, entitled Exercitationes Mathtmaiicie. 

PROBLEM in. 

. To find the Meridian on a Plane ^ or ike Siibstylar Lint. 

After what has been already said in regard to the siib« 
stylar line, this operation will be easy ; for since this lino 
is the Djeridiari ot the jilane, nothing is necessary but to 
consider it as it it were horizontal, and to trace out on it 
the meridian by the same method ; the line resulting will 
be the substyle, the determination of which is very neces- 
for constructing inclined or declining dials, and those 
which are both at the same time. 

PROBLEM iv. 

To describe an Equinoctial Dial. 

From any point c (pi. 2, fig. 3), as a centre, describe a 
circle aedb ; and having drawn the two diatneters in- 
tersecting each other at right angles in the centre c, 
vide each quadrant into sisr equal parts ; and draw the 
raaii cl, c2, c3, and so on as seen in the figure. Theae 
radii wdl the hours by means of a style perpendicu* 
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lar to the plane of the dial, which must he placed in the 
plane of the equator ; tluit is, in such a manner as toFbrm 
with the horizon an an<^le equal to the compjcmont of the 
latitude. The line at) must coincidci witli^jthe plane of 
the meridian, and the point a must be directed towards 
the south. 

Rbmakks. — I. When this equinoctial dial is erected, 
if the hour-lines look tow'aids the heavens, it is called a 
superior dial, but il they arc turned towards the earth, an 
inferior, 

II. A superior equinoctial dial shows the hours of the 
day only m the spring: and summer; and an inferior one 
only during^ the autumn and winter; but at the ecjuijioxes, 
when the sun is in the equator, or veiy near it, equinoctial 
dials arc of no use, as at those periods they arc nev(;r il- 
luminated bv tlic sun. 

in. It IS well known that at London the elevation of 
the plane of the equator is 38'^ 29 ', winch is the comple- 
ment of the elevation of the pole: the unc'le therefore 
which the plane of an equinoctial dial at l.ondon iskoujd 
form with the horizon, ought to he j9'. \ 

IV. It hence appears that it is < asy to c'onstiuCt a uni- 
versal equinoctial dial, \\hich may be adjusted to any^e» 
vation of the pole whatever. I^'or this piirpc)se, join toge- 
ther two pieces of ivory, or copper, or any other matter, 
ABCn and cdef, fpl. 2, fig. 4), by means of a hmge at 
CD : then describe on tlie tw^o surfaces of the piece abcd, 
two equinoctial dials; and m llic centre i, place a style 
extending both ways in a direction perpendicular to abcd. 
At G, 111 the? middle of the piece cdef, fix a magnetic 
needle, covered with a plate of glass, and towards the edge 
of the sartlte A piece apply a quadrant iil divided into de- 
grees, and passing through an aperture h, made to receive 
it in the upper piece abcd.° The degrees and minutes 
mmt begin to be counted from tlie point l. 

When this dial is to be used, place tlie needle m the 

o 2 
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meridian, making a proper allowance for the declination ; 
and cause the two pieces a sen and cdef to form an 
angle bcf, equal to tlie elevation of the equator at the 
given place; that is, equal to the complement of the lati- 
tude. If care be then taken to turn the quadrant towards 
the south, either of these equinoctial dials will show the 
hours at that place, except on the day of the equinox- 

PROBLEM V. 

To find the divisions of the ho\r'4ines on a horizontal dial, 
with only two extenh f compasses. 

Draw the meridian sm, (pi. fig. 3), and from the point 
c, assumed towards the middle, as a centre, describe the 
circld'ETOp with the radius ce, the first opening of the 
compasses; then from o as a centre, with a ladius equal 
to the diameter oe of the first circle, describe the circle 
eamb; and from tlie point f. as a centre, with the same 
radius, the circle aobs: thc^e two circles will cut each 
other in a and b, which will be the centres of two other 
e(]|ual circles, xief and zleo. Through the points of 
iiuerscction f and g, draw the lines eg and ef; and 
througli the points a and b the straight line xacbz- 
This line, which will be the equinoctial, will be cut botli 
by the above circles, and by the lines eg and ef, and 
the centre c of the first circle, in 1 1 points, which will be 
those of the hoursL; they must therefore be marked witji 
the numbers 7, 8, 9, 10, 11, 12, 1,2, 3, 4, 5. 

The next thing is to find the centre of the dial, of which 
the above points are the horary divisions: this is to be 
done in tlie following manner ; 1 

In the circle etop assume, towards t or p, an ee 
equal to the complement of the latitude or elevation of the 
pole^that is, equal to 38® 29' if the latitude be 51*^ 3l', and 
draw ck: if kv be then drawn perpendicular to ck, it 
will cut the meridian in v, which will be the centre of the 
dial ; .so that by draiving, from the point v, the lines f 7, 
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V 8, y 9, &c, wc shall have the hour-lines from 7 in the 
morning till $ in the afternoon. If a line be drawn throtfgh 
the point v parallel to the equinoctial, it will be the line 
of' 6 o’clock. The liour-hnes of 7 and S in the morning, 
continued beyond the centre v, will give those of 7 and 8 
in the evening; and those of 4 and 5 in the evening, if 
continued in the same manner, will give I and 5 m the 
morning. In the last place, if iroui the point v, oi any 
other taken at pleasure, two circles be described, tlu*y will 
serve to terminate the hour-line^, and to contain the num- 
bers belonging to the different liours. 

PROBLEM \i. 

To comtruct the same Dial with one Opening of ihe 
Compasses. 

Through the point c (pi. 3, fig. 6) draw two lines sm, 
7 5f perpendicular to each other , and, Irom the same point 
as a centre, describe the ciiclc e i op, with any opening of 
the compasses whatever: then, keeping tlie Ofiening the 
same, place one ] joint of the compasses in o and the other 
in Q, from ^ turn to the point 4, and making two tnrn?i' 
from 4 to 5, proceed back from 5 to 11 by four turns. 

Then, placing the compasses oii u and n, turn from n 
to 8, and making two turns tvMn 8 to 7, jnoceed fiom 7 
to 1 by four turns. If the lines en and eq be then drawrt, 
which will give, on the line 7 5, the hours of 2 and 10, the 
dial will be constructed. The centre of it may be fotmd 
by the operation described in the preceding problem. 

PROBLEM Vll. 

Construction of the most important of the other Regular 

Dials. 

Regular dials are those which have the hour-lines, form- 
ing equal angles on each side of the meridian: these dials 
therefore are, the equinoctial, the horizontal, the north 
and south vertical^ and the polar. Having already spoken 
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of the equinoctial and horizontal, we shall now proceed to 
the^'north and south vertical dials. 

Of the South Vertical Dial. 

If the vertical dial he turned directly towards the south; 
tlici) make the angle eck oi the arc kk (pi. 2, fig. 5) equal 
to the lieighl of the pole; if CKV be then made a right 
angle, the point v will be the centre of the dial; and the 
angle ca k, which will then be equal to tlie complement of 
the Itititiide or of the elevation ot the pole, will denote the 
angle which the style, in the plane of the meridian, ought 
to ionn with the [ilane of tlic dial. 

Of the North Vei tica. Dial. 

If the vertical dial he north; make, as before, the angle 
oc/: (pi. 2, lig. 5) equal t() the height of the pole, and the 
angle c^n a right angle: the point ii \\ ill be the centre of 
the dial; and ihe angle ciiX will be that wJiich the style 
forms With llie iiiendjan. The style, instead of being in- 
clined downwards, must be turned in a contrary direction, 
as iiia 3 ' be. readil}’ conceived when wc considci the position 
of the pole in rcgaid to a vertical plane turned directly 
to\y^rds the noith. 

Of Polar Dials. 

To make a polar dial, diaw, as before directed, the meri- 
dian XII xii, (pi. 4, fig. 8), and xz perpendicular t6 it. 
From the point m, in ihis line, make on each side the same 
constiuetion as that taught at piob. v; if parallel lines be 
then drawn through the points of division, they will be the 
hivur-liiies. For it mav be easily seen that, as tbti^pole is 
in file continuation ol this plane, they cannot meerbut at 
an infinite distance, or that the centre of the dial is at an 
infiimc distance ; wlieuce it follows that the hues must be 
paialiel. 

Tne ^tvle must be placed in a perpendicular direction in 
the poini M; and in height must be equal to the distance 
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between 12 and 3; or if an iron spike be placed at that 
distance from the meridian xn xii, and parallel to l^hat 
line, it will show the hour by its whole length. 

PROBLEM VIII. 

Of Vertical East and fVcAt Dials. 

Next to the dials already described, the simplest are 
tlK)se which directly iront the east or the West, The 
method of constructing them is as follows: 

Draw the horizontal line hr, (pi. 3, fig. 7, n®. l), and 
assume in it any point p, for the bottom of the style, the 
upper extremity of which is intended to show the hours. 
At the point p, make, towards the left for an east dial, and 
toviards the right foi a west one, the angle hpe, etjdal to 
the complement of the latitude, or the elevation of the 
pole above the horizon, and contnuu* i:p to n. The lino 
EN will be the equinoetial. Then through the point p 
draw the line ca, in such a mannci as to form with the 
line hr the angle aph, ef|iiid to the elevation of the pole; 
then AC, whicli will inlers<‘ci the eqmnoeiial en at right 
angles, will he the lioui-Iine of \ i in the ruoniing, and also 
tlie substylar line. 

When these lines have been traced out, \hc hour-lines 
may be drawn in the ffillowing iminiier. In the substylar 
line AC, assume a point a, at any distance from the point 
p, according to the intended size of die dial; and from a, 
as a centre, describe a semicircle of any radius at pleasure. 
Divide this semicircle into 12 equal parts, beginning at 
the point p, and then from the centre \ draw dotted imes 
through each of the points of division in the semicircle, 
till they meet the equinoctial en • if lines parallel to the 
substylar line be then drawn through the points where 
these dotted lines cut the equinoctial, they will be the 
hour-lines required, the substylar line being that of vi in 
the morning* The parallels above the substylar line, in 
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the e^ist dial, will correspond to iv and v in the mornings 
thos^ below It to viJ, VIII, 8cc, in the afternoon* 

Tile style, the figure of which is seen in the plate, is 
placed parallel to the line of vi, on two supports raised 
perpendicular to the plane of the dial, and at a distance 
above it equal to that of vi hours from iii or from ix. It 
is here evident that a west is exactly the samiS as an east 
dial; only in a contrary situation (see pL 4, fig. 7, n®. 2); 
but instead of maiking on it the morning hours, as iv, v^ 
VI, 8ic, you must insciibe on it those of the afternoon, as 
I, II, III, IV, &c* If an east dia} be traced out on a piece 
of oiled paper, and if the paper he th j inverted, but not 
turned upside down, on holding il br.tween you and the 
light, you will see a west dial* 

It may be easily seen that these dials cannot show the 
hour of noon : for the sun does not begin to illuminate the 
latter till that hour, and the fonner ceases to be illuminated 
at the same period. 

rUOBLE.W IX. 

To describe a horizontal^ or a vertical south dialy without 
having occasion to find the horary foints on the equinoctidk 

Let, the line ab, pi. 5, fig. 9, be the meridian of the dial, 
which wc suppose a horizontal one; and let c be its centre: 
make, the angle iicii equal to the elevation of the pole, in 
order to find the position of the style; and from the point 
B, assumed at pleasure, but in such a manner that CB shall 
be ol a proper length, draw bf perpendicular to ch* If 
we conceive the triangle bfc raised vertically above the 
plane of the dial, u will represent the style* , 

From the point c, with the radius cb, describe B^incie 
ddae; and Irom the same centre, with the radius bb» 
describe another circle mqnp. 

Divide the whole cn cumference of the first circle into 24 
equal parts, bo, oo, oo, and then divide the second 
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circle the same number of equal parts, nr, rr, &c : 
from the points of division o, of the great circle, 
lines perpendicular to the meridian; and from the corre- 
sponding points R of the less circle, draw lines parallel to 
that meridian. These parallels and perpendiculars will 
meet in certain points, which will serve to determine the 
hour-lines. I'or example, the lines o 3, r 3, which proceed 
from the third of the corresponding points of division, will 
meet in the point 3; through which if c 3 be drawn, it will 
be the position of the line of 3 o^clock; and so of the rest. 

It IS evident that the largj^r the circles, the more distinct 
will be the intersections, formed by the lines drawn through 
the points of division o and r. 

It is remarkable that all these points of intersection are 
found in the circumlerence of an ellipse, the greater axis 
of which is equal to twice CB ; and the less vq to twice 
CN, or twice bf. 

Tlic reason of this construction will be easily discovered 
by geometricians. 

VROBLKM X. 

To tihace out a dial on any plane whatever ^ either vertical or 
inclined^ declining or not^ on any surface whatever^ ^nd 
even without the sun shining. 

This problem, as may be seen, comprehends the whole 
of Giiomonics; and the operation mc.y be practised by any 
person who knows how to find the meridian, and to con- 
struct an equinoctial dial. The solution of it is as follows. 

Having made the necessary preparation, pi, 5 fig. 10, 
trace meridian line on a table, according to tlie method 
taught in the first problem ; and, by means of this meridian, 
place an equinoctial dial in such a situation, that the plane 
of it* shall be raised at the proper angle; that is, at an 
angle equal to tlie elevation of the equator, or complement 
of the latitude, and that its south line shall coincide with 
the above meridian. Adjust along the axis a piece of 
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packthread, ^hicli being stretched shall meet the plane on 
whieb the dial is to be described : the point where it meets 
this plane is tliat where the style or axis ought to be 
placed, so as to form one straight line with the packthread 
and the style of the equinoctial dial. 

When this is done, and when the axis of the dial has 
beenlixed, hold a candle or taper before the^ equinoctial 
dial, in such a manner, that the style shall show noon; the 
shadow projected, at the same time, by the packthread, 
or the axis of the dial about to be constructed, w'lll be the 
south line. You must therefore assume a point which, 
together with the centre, will detern ue that line. If you 
then change the position of the taper, so that the equi- 
noctial dial shall show one o’clock, ibe shadow projected 
by the packthread, or the axis of the proposed dial, will 
be the hour-line of 1 ; and so of the rest. 

Remahks.— I. If the plane, on which the dial is to be 
described, be situated iii such a maiinei that it cannot be 
met by the axis continued, according to the preceding 
method, two supporteis must be affixed to the plane, for 
the purpose of receiving a rod of iron, so as to make one 
line with the packthread; and the operation may then be 
performed as abqye described. 

II. Instead of an equinoctial dial, a horizontal one may 
be employed; provided it be placed in such a manner, 
that the south line corresponds with the meridian which 
has been traced out. 

III. This operation may be performed m the day-time 
when the sun shines. In this case you must employ a 
mirror, the reflection of which will produce the saf^cflect 
as the taper or candle. 

PROBLEM XT. 

To describe a horizontal dial in a parterrcy hy means of 

plants. 

A horizontal dial might be described by the ^su$il 
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methods in a parterre, the hour-lineB being fc!rtraied of box, 
&r a vorv straitrln tree terminating in a point»;^uch 
i ,K' ovnress or svca nore, planted on the meridian line 
enp)iov’C(l as a sl^ le. 

lust, a 1 ol a trci', a peisori might act the part of a style, 
bv standing hn a very erect position, in a place larked 
out on the meridian, propt^rtioncd to Ins height; TOCaiise 
according to this height the p ace must vary; For a short 
person, it will be near <he centre of the dial ; and for a tall 
one, at a greater distance from it. A figure placed on a 
pedestal might serve at ,|;he same time as a style, and 
as an ornament to the parterre. 

PrODLEM XII. 

To describe a vertical dial on a pane of p lass y xchich will shoiv 
the hours without a Uyle^ by means of the solar rays. 

Ozanam relates that he once constructed a vertical 
declining dm! on a pane of glass lu a window, which had 
no style; and by wdiich the hours could be known when 
the sun shone. 

I, detached, says he, from the window frame on the out- 
side a pane of glass, and descnl)ed on it a vertical dial, 
according to the declination ol the window^ and the height 
of the pole above the horizon ; taking as the height of the 
style the thickness of the window frame. 1 tliers fixed the 
pane of glass against the frame in th6 inside ; having given 
to the meridian line a sn nation perpendicular to the hori- 
zon, as It ought to have in vertical dials. I then cemented 
to the window frame on the outside, opposite to the dial, 
a pieipf^^f strong paper, not oiled, in order that the sur- 
face of the dial might be more obscure. And that 1 might 
'be p.ble to know the hours without the shadow of a style, 
I made a small hole in the paper with a pin, opposite to 
the bottom of the style, which I had marked out. As this 
bole represented the extremity of the style, the rays of 
the sun passing through it formed on the glass a luminous 
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point ; whicb^ while the arest of the dial was obscurei indi- 
cate the hours in an agreeable manner. 

PnOBLEM XIII. 

To describe threcy and even four dialsy on as many different 

jlanesy on which the hours may be known by the shadow of 
me axis, ‘ 

Provide two rectangular planes, abcd and cbef, (pi, 6, 
fig. 11 and 12), equal in size, and join them together by 
the line cb \ so as to form with each other a right angle, 
the one being horizontal, and the otln »• vertical. 

Then divide their common breadti nc into two equal 
parts in i; and draw the perpendiculars ig, ih, as the 
meridians of the two planes. Assume the point g at plea- 
sure, as the centre of the horizontal dial, and if ci be 
made the base of a right-angled triangle gih, in which the 
angle G IS equal to the lieight of the pole, the point h will 
be the centre of a south vertical dial for that latitude. 
Describe these two dials, viz, a horizontal and a south 
vertical one, which will have the same points of division 
ill their common section bc ; and extend a piece of iron 
wive, as an axis, from the x>oint h to the point g ; this 
wire will be tlie common axis and style of the two dials. 

Lastly, having with any radius at pleasure described a 
circle, trace out on it an equinoctial dial, which must be 
filaced on the axis gh, in such a manner that it shall pass 
through its centre, and be perpendicular to its plane, and 
that the line of 12 o’clock shall be in the plane of the 
triangle gih. 

If this triple dial bc exposed to the sun, so that 1^ line 
Gi shall be horizontal and in the plane of the meridian, it 
is gvident that the shadow of the axis gh will show the 
hour on the three dials at the same time. 

If it be required to have a fourth dial, to show the hour 
by means of the same style ; in the plane of the triangle 
GIH draw a line parallel to gH| and through that line a 
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pkne perpendicular to the plane of the menclian, which 
will cut the vertical plane in the line Kh, and the horiz^tal 
plane in mn : the hour-lines of both dials will be cut by 
these two lines in points, every two corresponding ones of 
which must be joined by transversal lines; for example, 
the point of section of 11 hours on the one, with the^oint 
of section of 1 1 hours on the other, which will give on that 
plane parallel hour-hues, such as ought to he on a polar 
dial that has no declination * these four dials will show 
the hour at the same time, and by means of the same style 
or axis oil. 

/Jnother method. 

Provide a cube abcud, (|)I. 0, fig. 13), and having 
divided the sides ab, <’K, and fj), into two equal parts, in 
tlie points ii, o, and i, (lra\v the lines gh and gi; then 
assuming these lines as the meridians of the horizontal 
plane cu, and of the vertical one ca, and the point o as 
Mie centre, describe on the former a horizontal dial, and 
on the latter a vertical dial, each adapted to the latitude of 
the place. Assume the lines em and EN,in such a manner, 
that the angle enm shall be equal to the latitude of the 
place; make co and cp equal to them; and I t a plane 
pass through mn and op, so as to cut ofl'lliat angle of the 
cube: this plane will inters»ect the hour-lines of the two 
dials already traced out in certain points, the correspond- 
ing ones of winch will give the hour-lines of a third dial. 

Nothing then remains but to fiv the '^tylc, v/hich will 
not be attended with any difficulty. Foi tins purpose, 
having' :^|tawu Eq perpendicular to mn, fix in a perpen- 
djicular position on the meridian kl, and in its plane, two 
supporters equal in height to eq, bearing the style ESf 
prolonged towards each end, and parallel to kl: the 
shadow of this style will show the hours on the three dials 
at the same time. 
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PROBLEM XIV. 

In^ any latitude ^ to find the meridian hij one obseivation 
the suYt^ and at any hour of the day. 

Provide an eVvict cube, eath side of which is about 8 
inchc\s ; and dcsonbe on the upper face a horizontal dial, 
adapted to tlic latitude of the place. On the vertical face, 
wbicli stands at right angles to the meridian of this dial, 
describe a vertical one; on the adjacent face to the left an 
east dial, and on the opposite one a west dial, each of 
which must be furnished with the pir^pev style. 

When you are di'siions of findn the meridian on a 
liorizontal plane, place this cjuadicpie tlial on it, so that 
tlic veitical one shall nearly face the south; and gradually 
turn it till thiee of these diaU all ‘.how the same hour: 
when this takes place, you may be assured that the three 
dials are in their [iroper [lositiou. If a line be then drawn 
with a pencil, or othei instrument, along one of the lateral 
sides of the cube, it will be in the true direction of the 
meridian. 

It IS indeed evident that these tlu*ee diaK cannot show 
the same hour unless they are all placed ui a proper 
position in regard to the mendian; llicir concunence 
therefore wnll show tluit they arc propcily placed, and 
that their common mendian is the meridian of the place. 

PROBLEM XV. 

To cut a stone into several faces, on which all the regular diaB^ 
can be described. 

Let the square abcd (pi. 7, fig. 14), be the plat#e of the 
stone, which is to be prepared so as to receive all the 
vegular dials. It wc suppose the stone to represent an 
imperfect cube, or any other irregular solid, after all its 
faces have been smoothed, it must be squared, and reduced 
to an uniform thickness. When this is done, proceed as 
follows: 'On the plane abcu describe the circle HEtiFf 





239 


wiili as largo a ratlins as the storfe will admit; and draw 
at right angles the two diameters t?e and hl. Then rhttjce 
the angle roi equal to 38^ degrees, which is. the comple- 
ment of the latitude of London nearly, and draw the 
diameter iom; make the angle Kor. equal to the latitude 
51 i degrees, and draw the diameter gok ; then through 
die points i, g, m, k, draw tangents to the circle helf, 
which lull meet the other tangents passing through the 
points n, E, L, F, and form part of the sides of the square 
ABCX), that represents the plane of the stone. Cut the 
stone square, according to these tangents, m order to 
obtain planes or laces peapendicular to tlie plane of (he 
stone ABCD, and the stone v^iW then be prepared for re- 
ceiving on all Its laces the dials which belong to them. 

On the face oi jihme winch passes through llic line vx, 
describe a horizontal dial; on that passing through XN, 
an nj)per equinoctial dial, and on the opposite plane, pass-^. 
ing through sn, an iidoiior equinoctial dial. An upper 
polar dial must be described on th(^ piano passing through 
T \ , and an inferior one on the plane passing through yp. 
On the plane passing through ts make a south vertical 
dial, and on the opposite plane np a north vertical one: 
Lastly, if an east vertical dial be desciibed on the side ol 
the stone im, and on tlie opposite side a west vertical one, 
the whole will be complete. 

If it be required to have the stone hollow, or rather cut 
ihrongb, nothing will be necessary but to draw lines 
parallel to these UingenS, and to cut the stone square ac- 
cording to these lines, which will give, in the inside of the 
stone, ^faces parallel to those on the outside. On these, 
internal surfaces, dials similar to tliOvSe on the opposite 
external surfaces may then be desciibcd. * 

It is here to be observed, that when the stone is thus 
made hollow, neither an cast nor a west dial can be described 
on it^ but if It be placed on a pedestal in the form of a 
regular. o.cjtagpn, having one of its faces turjned directly 
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towards the south, diffe?bnt kinds of vertical dials may be 
del^ribed on this pedestal, viz, a south, a north, an east, 
and a west dial, together with four vertical declining dials ; 
so that on this stone and its pedestal there may be 20 or 
25 dials. 

If the south vertical dial be placed directly south, and if 
the horizontal one be perfectly level, all these dials together 
will show the same hour. 

PHOBLEM XVI. 

2 0 construct a dial on the convex surface of a globe. 

This dial, which is the simplest ’ most natural of all, 
is formed by dividing the C(|uatori^J circle into 24 parts, 
•If a globe be placed on a pedestal, in such a manner that 
its axis shall be in the plane of the meridian, and exactly 
elevated according to tlie height of the pole of the place, 
nothing then will be necessary to complete the dial, but to 
divide its equator into 24 equal paits. 

The globe, pi, 7, fig. 15, in this state, may hr used 
without any farther a|)paratiis, for one luill' of it being 
enlightened by the sun, the boundary of the illumination 
will exactly follow on the equator, tlie motion of the sun 
from east to west. At noon, u will tail on those points of 
the equator turned directly to the cast and west. At one 
o'clock, It wull have advanced 15*^, and so on. To render 
this globe then fit for being employed as a dial , vi must 
be inscribed at the divi!>ion which corresponds with the 
meridian ; vii at the following one, and so of the rest; so 
that the 12th will be exactly in the point turned towards 
the we!>t; then i, ii, in, &.c, will be under the horizon. 
Nothing then will be necess.iry, but to observe '^at di- 
vision corresponds with the boundary of the light and 
shadow ; for the number belonging to that division will 
be the hour. 

This dial however it attended with a very great incon- 
venience: as the boundary between the light and shadow 
is always badly defined, it cannot be precisely known where 
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it terminates ; it wifi therefore be better to employ this <|ial 
in the following manner. 

Adapt to this globe a hall meridian, made of a piece of 
flat wire, 7 or vS line'^ in bia^idth, and half a line in thick- 
ness, and moveable at pleasure around its avis, wliith must 
be the same as tliat of the ghibe. 77ien, wlien yon wish 
to know the hout, move ilu^ lialfinci idtaii in such a manner, 
that It shall piojeet liie lea-^t shadow possible, and this 
5.hado\\ will show tlie hour on the eqmitor. In this case 
however it is evident that tlx* numheis naturally belonging 
to the points of diviMon in the meiididii, should he in- 
.^eribed on them; tti^t xn at the meridian, i at the 
iollov/ing divisit^ii, t()Wa^ds the west, and so on. 

iMloiUn M KMl. 

Anothi^v kind ok diuly in an armdiarij sphere. 

Tills (li.il IS e<piall\ siinp]t‘ .is the pieeeding, and is at- 
tended with till*, advantage, tiiat it m.iv seive l)\ way ot 
ornament in a gaiden. 

CoiKCive an armillaiv sphere, ph V, ilg. If>, consisting 
only of Us two cohne., Us eijnatoi , and zodi.ic, aiul fur- 
nished with an aM. passing iliiotigh .1. Jl \\(’ suppose 
this splieie to he pL( ed on a peileslal, in such a ni.iiincr 
that one ot iiscolnres shall su])))!\ the pL'Ci; ot a meridian, 
and tliat its avis shall he directed tow.Ads the pole of the 
place, it Is evident that the shadow' oi this axis, hy its uni- 
form motion, will show the hours on ihi^ ((juator. If the 
eijii.aror then'fore be divided into 24 L-pia] pails, and if the 
numbers belonging to tiie boms be inscribed at these dU 
visions, the dial will be coiirtiiated 

But as the cquatoi , in genei.il, is not of sufficient thick- 
ness, the hours must be maiked on the iiK*>uie of the zone 
which represents the zodiac, and which on th'it account 
should be painted wdiite But in this ease, care must be 
taken not to divide each quarter of tlie zodiac into equal 
parts ; for the shadow’ of tlie avi<^, w Inch passes o^er equal 

'"OL. 111. 
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arcs on the equator, will pass over unequal ones on the 
zodiac : these divisions will be narrower towards the points 
of the gieatcst declination of that circle; so that the di- 
viision in the zodiac nearest to the solstitial colures, instead 
of 15°, which are equal to the interval of an hour on the 
equator, ought to comprehend only 13° 45'; the second 
14° 15'; the third 15° 20'; the fourth 15° 25'; the fifth 
15° 55'; and the sivtli, or that nearest the equinoxes, 16* 
20', It IS in this manner that the zodiacal iiand, on which 
the hours are marked, must be divided; otherwise there 
will be several minutes ol error ; b ’ each interval may be 
divided into 4 equal parts for qiiarte s, without any sensible 
error. Transversal lines may then be drawn through the 
breadth of tlic zodiac, taking car(?1[o make them concur in 
the pole. We have seen dials of this kind constructed by 
Ignorant artists, who [laul no attention to the above remark, 
and wliicli therefore uere very incorrect. 

PROBLKM XVIII. 

To construct a solar dial, by means of which a blind person 
may know the hours » 

This may appear a paradox; but wc shall show tliat a 
siiu-dial might be erected near an hospital lor the blind, by 
which Its inhabitants could tell the hours ol the day. 

If a glass globe, 18 inches in diameter, be filled with 
water, it will have its focus at the distance of 9 inches 
from Its surface; and the heat produced in this focus will 
be so considerable, as to be sensible to the hand placed in 
it. This focus also will folloiv the com so of the sun, since 
It will always he diametrically opposite to it; afid there- 
fore, to constiuct the proposed dial, ive may proceed as 
follows. 

Let tlie globe be surrounded by a portion of a cou- 
centric sphere, 9 inches distant from its surface, and com- 
prehending only the two tropics, with the equator, and 
the two meridians or coiures ; and let the whole be ex- 
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posed to the sun in a proper position; that is, with, the 
axis of tlie globe parallel to that of the eailh. 

Let each of the tropics and the equator be divided into 
24 equal [)arts ; and let the corie-ipondiiig jiarts be con- 
nected by a small bai, reprosentnio a portion of the hour 
circle comprehended between the two tiopies. I'v these 
means all the hot ary circles \\ill be lepresented in such t 
manner, that .i IjIukI pci son can count them, beninniug at 
that wliich corresponds to noon, and winch rn i y he easily 
distinguished by some [laiticular foini. 

When a l)liiui peison tlicn w Khe> to know the lioui by 
tills dial, lie will iii-t put liK band on the meridian, and, 
count the hour ( nelcs on the bars which represent them; 
when he comes to the bai on which the focus of the solar 
rays fall, lie will icadd^ peiceive it by the lasit, and eonse- 
qnently will kno,v how' many hours U,i\c elapsi'd since 
noon ; or how' many must elapse beloie it be noon. 

F^ach inu rval between the pniK ipal bars, tlhit indicate 
the hours, may be isisily divided by smaller ones, in order 
to have the htiU-homs .ind quarters. 

I'itOllLlAl \i\. 

Method oj uDungnig (I horizoyiial dtal^ co)!'.triuie(l for any 
particular latitude y in such a manner !o make it sh&w 
the flours in anyplace vj the taith, » 

Every dial, for wdialevor latitude con*,tnu tcd, m.iy he 
disposed in such a mannei us to shn\v the hour ex.ic.tly in 
any given place ; lint we shall here eorifme ourselves to a 
horizontal dial, and show how it nuiy be employed in any 
place whatever. 

Ibt. If the latitude of the place be Ic'ss or greater than 
that olthe place for which the di.d has been constructed, 
after exposing it in a pioper manner, that is, with its 
meridian in the merulian of the [dace, and Us axis turned 
toivards the north, notlnng wdl be nece^sai y but to incline 
It till Its axis forms v\ uh f hci he.i i7{.n an angle equal to tlic 

K 2 
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latitude of the place iii which it is to be used. Thus, foi 
example, if it has been constructed for the latitude of Pans, 
which IS .'JO', and you wish to employ it at London, in 
latitude 51* 31'; as the ddference of these two places is 1"* 
4r, the plane ef the dial must make with the horizon an 
angle of 1° 41', as seen in the figuie, pi. 8 fig. 17, where 
|N is the inciidian, abcd the plant; of the dial, and abe, 
01 nhe^ tlie angle of the inclination of that plane to the 
hoii/.on. If the latitude of the primitive place of the dial 
he less than that of the place for which it is used, it must 
be inclined in a contrary direction. 

2d. When the second method of rendering a horizontal 
dial universal is employed, the hour-lines must not he de- 
scribed on It, but only the points of division in the equinoc- 
tial line, as taught in the oUi problem. In regard to the 
style, It must he moveable in the following manner. Let 
ABC, pi. 8 fig. 18, represent the triangle in the plane of the 
mendian, vvliere nbc is the axis or oblique style, and ab 
the radius of tlie equator. The style must he moveable, 
though It always remain in the plane of the mendian, so 
tliat the radius ab of the equator, having a joint in the 
point A, nifty form the angle bag equal to a given angle : 
that IS, equal to the complement of the latitude. For this 
reason a groove must he formed in the meridian, so as to 
admit this triangle to be raised up or lowered, ahvays it- 
inaimng in tlie plane of the meridian. 

When every thing lias been thus ai ranged, to adapt the 
dial to any given latitude, such as that of 5P 3i', for ex- 
ample, take the eoinpleinent of 51® 3l', which is 38° 29', 
and make the angle bac = 38° 29'. The style then will be 
in the proper position, and the dial being exposed to tlie 
sun, with Its meridian corresponding to tlie meridian of the 
place, the shadow of tlie style, which ought to be pretty 
long, will show the hour at the place where it intersects 
the equinoctial. 
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PROBLEM XX. 

Mtthod of constructing some tables ntcessjiry in the following 
problems. 

There are three tables frequently employed in Gno- 
znonics, and which we shall have occasion to make use of 
hereafter. These are, 

1st. A table of the ant^les Avliicli the hour-lines form with 
the meridian on an hoiizontal dial, according to the dif- 
ferent latitudes. 

2d. A til)le of the angles which the azimuth circles, 
passing thiougli the at dilferent lioiirs ol the day, form 
with the meridian, according to thedilfeient latitudes, and 
the sun’s jilace in tlic ecliptic. 

3d. A table of the sun’s altitude at different hours, on a 
given day, and iii a jiLice of a given latitude. 

From the latter is deduced the sun’s zcmuiIi distance, at 
different hours of the day in a gi\en ])Iacc, and on a given 
day for the sun’s zenith distance is aJwat s the complement 
of Ins altitude. 

The first of these tables may be easily calculated by 
means of the follow ing proportion : 

As radius, 

Is to the sine of the latitude of the given place, 

So IS the tangent of the angle which measures tlie sun’s 

distance from the meridian, at a gtven hour, 

To the tangent of the angle which the hour-line forms 

with the meridian. 

By means of this analogy, we have calculated the fol- 
lowing table, which we conceive will he sufficient ; as it 
comprehends the whole extent of Great Britain ; and par- 
ticularly the latitude of London. 
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A TABLE 

OJ the angles which the hour lines /oryn with the meridian 
on a horizontal dialyjor e^ery halj degree of latitude^ from 
50" to 59° 30'. 


Latitude. 

A. 

1. 

M. 

XI 

A. 

TI. 

M. 

X 

A. 

111. 

M 

IX 

A 

JV. 

M. 

vni 

A. 

V. 

M. 

VII 

A. M. 

VI. VI. 

o 

1 

rt 


o 


0 


CJ 

/ 

Cl 

j 

0 / 

50 


11 

38 

23 

51 

37 

27 

5 1 

0 

To 

43 

90 0 

50 

30 

1 1 

41 

24 

1 

37 

40 


< 1 

70 

5i 

<10 0 

51 


11 

46 

24 

10 

37 

51 


: 1 

70 

58 

90 0 

51 

31 

1 1 

51 

24 

19 

38 

4 

JO 

36 

7 

6 

1^0 0 

ryi 


1 1 

55 

-4 

27 

38 

14 

3 

40 

71 

13 

go 0 

52 

30 

12 

0 

24 

3«> 

38 

25 

o3 

58 

71 

20 

90 0 

53 


12 

5 

24 

15 

38 

>7 

54 

8 

71 

?7 

^ 0 

53 

30 

12 

9 

2 1 

■‘4 

38 

48 

54 

’9 

71 

34 

90 0 

54 


12 

14 

2') 

2 

38 

58 

51 


71 

40 

90 0 

54 

30 

12 

18 

25 

10 

39 

8 

64- 

39 

71 

7 

(lO 0 

55 


12 

23 

2s 

19 

39 

10 

51 

49 

71 

53 

i 0 0 

55 

30 

12 

28 

25 

^7 

39 

'29 

34 

59 

71 

59 

90 0 

50 


12 

31 

25 

35 1 

39 

40 

55 

B 

72 

5 

! yo 0 

50 

30 j 

12 

36 

25 

43 

9 

50 

5 5 

18 

72 

12 

yo 0 

r ^7 


12 

40 

25 

51 

39 

59 

55 

27 

72 

17 

90 0 

r ^7 

:jo 

12 

44 

25 

58 

40 

9 

! 5 

3/ 

72 

22 

90 0 

53 


12 

48 

26 

5 

iO 

lb 

55 

45 

72 27 

90 0 

58 

30 

12 

52 

26 

13 

40 


05) 

34 

72 

33 

90 0 



12 

50 

26 

20 

40 

i6 

.0 

2 

71 

39 

y(.) 0 

59 

30 

33 

0 

20 

27 

40 

45 

56 

JO 

7-i 

44 

9u 0 


Wc have not marked, in thi'^ table, the angles formed 
by the lines v hours in the uioniing and mi hours in the 
cveainig, i\ hours in the nioniing and Mii in the evemug, 
because these lines are only a continuation ot odier^; for 
example, that of i\ hours in tlie morning, is the continua- 
tion o( IV in the evening ; that of mii hours in the even- 
ing, IS the continuation of mu in the morning; and so of 
the rest. 

The use of this table may be easily comprehended. If 
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tlie place for whicli a horizontal dial is required, cone- 
aponds with any latitude of the table, such as 52 for ex- 
ample, it may be seen at one? view, that the hour-lines of 
XI and 1 must form, with the meridian, an angle of 11* 
S5\ at the centre of the dial ; that of x and ii an angle of 
24® 21 ' ; and so of the rest. 

If the latitude l)c not contained in the table, the pro- 
portional parts may be taken without any sensible error. 
Thus, if it were required to find the angle whicli the hour- 
line of I or XI (orrns with the uunidian, on a dial for the 
latitude of 54^ 15'; a'^ the diflerence ol the horary angles, 
for .54° and 54° 3C/, is 4', take the liaK of 4, and add it to 
12° 14', which will oiv(‘ 12** 16' for the hoi ary angle be- 
tween the hours of i or xi and the meiidian, on a dial for 
the latitude of 54° 15^ The same opeiation may be em- 
ployed for the other horary angles, 

It is necessary to oliserve that this table, though con- 
structed for horizontal dials, may be used also for viatical 
south or north dials lor it i^ evidimt that a south vertical 
dial, for any particular place, ihe same as a horizontal 
dial for anothei, tl»e latitude of winch is the complement 
of the foinicr. 'I'hus a south vertical dial for the latitude 
of London 51^ 3 l', is tlie same as a horizontal d al for the 
latitude of 38° 29', and \ice vcisa. 

It IS in the consti uciion of these vertical dials that the 
utility of such tables will be most apparent; for as these 
dials are in geneial ver} large, the common rule-> of Gno- 
monics cannot easily be ajiplied to tnem. To nniiedy this 
inconvenience, when the centre and equinoctial of the dial 
have been fixed, assume, as radius, that part of the meri- 
dian comprehended between t.ie equinoctial and the centre, 
and divide it into 1000 parts ; then find in some table, or 
by calculation as above shown, for the given latitude, that 
is, for its complement if a vertical dial is to be constructed, 
the tangents of the angles winch the hour-lines form with 
the meridian, at i, ii, m, iv, &c, and lay them oflf on both 
sides on the equinociial: the points where they terminate 
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wiJl bo tlic lioiary points of i and hours, ii and x 
hollr^, &c, 

Let us suppose, for example, that a .south vertical dial 
IS to be constructed lot the iatitudc of 5i^ ST, the com- 
plement ol which IS .38° 2j)'. A VLiticai south dial for lat. 
51° 3l', may be considered as a horizontal dial for the lati- 
tude of 33° 29', Hut the angles which tlie hour-lines form 
with the ineiidian on a horizontal dial, for that latitude, 
arc 9"^ 28'; 19'*46'; 31“^ 53\ 4?^ 9', 42'; 90* O', the 

tangents ol wind), radius being ilividid into 1000 parts, 
arc 166, 359, G22, 1018, 2321, It the portion of 

the meridian iheietore, coinpieheiui : bt*tween the centre 
and the equinoctial, be divided int(' 1000 parts, and il 166 
of tlie.se parts be set olf on eacli -i ie (‘f tlie meridian, we 
shall have the points ol \i and i lioins, if 359 paits be 
then laid oil in the same maunei, we shall have tlu* points 
of X and ii hours ; and so of the rest. Straight lines drawn 
from the centre, to each ol tlies^ ptunts, will he the hour- 
lines. 

The last tangent, which corresponds to \ i hours, being 
infinite, indicates tluit the lioiii-line coiicsponding to it 
must lie jiarallcl to the ecpnnoctial. 

Ill order to give an idc'«i ol the con>ti action of the second 
tabic, Jet the ciicle mbm), J)!. 9 fig. 19, lepicacnt the 
horizon of the place , / its zenith, p tlie |)ole, zb tlie 
azimuth circle passing tlirough tlie sun, and p.s\ tliehorar)^ 
circle in wdiicli the sun is at an\ pioposed time ol the day ; 
it IS here evident, that if the lioui he given, the angle zps 
IS known ; that the day of the yeai being given, the sun’s 
distance from the eqnatoi i.s known, and consequently the 
arc PS, which in oui hcmispheie, is the ‘ith part of a great 
circle minus the sun’s deciin.itioii, if it be north, or plus 
that decimation if it be south ; and lastly, that if the eleva- 
tion of the pole be given, the arc pz, which is its comple- 
ment, is also known. In the sp.ieiical tiiangle zps, we 
have therefore giien the arcs zp an 1 ps, with the included 
angle zps; and hence we may find the angle rzs, which 
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subtracted from I8& degrees, xvill leave the angle mzb or 
^ICB, tlic 'iun’s azimuth iroin the bonth. 

In the same triaugie, we can find the side zs, the com- 
plement of the bun’* ahuude at the same time ; and con* 
seqaeiitly the altitude itsc-'f. 

By thebe iiieaub the following tubleb h.ive been con- 
btrueleJ, lor the latitude ol Loudon cW"' li\', Tiiuse who 
arc toleiably veibeJ in bpheneal trigonometry may easily 
constru\.t bimilai taideb toi any other latitude. 

A Tabll (j iht Siin\s azDnuth ft o.i (hr Soufh^ at hts eu- 
tra)itc lido iuJi nf i hi / chc si^ns^ (i)iii a! cutli hour of 
ike day.joi th Ltinadc of Loudon 31 . 
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PROBLEM XXI. 

Another method of constructing a universal horizontal Sun- 

dial. 

In one of the two preceding con«^tructions, the equinoc- 
tial line was divided in such a manner, as to be calculated 
for showing tlie hours in every latitude, by removing to a 
greater or less distance the centre of the dial: but in the 
present case, we suppose this centre to be fixed, and that 
the inclination of tlie style, which ought always to be di- 
rected to the pule, can be varied r that point. The me- 
thod of constructing a sun-dial of lus kind is as follows. 

Through the pcuiit r, assumed as the centre of the dial, 
pi. 9 fig. 20, draw the two perpeniliculars ab and ef ; the 
firi>t of wludi being made to rcpio^'Cnt the line of 6 hours, 
the other will lepresent the meridian; from the point b, 
assumed at ph a uie, set off, on the meiidian, as many 
equal parts as you choose; ioi example 6, and through 
the points of division describe 1 concentric circles, which 
will represent the circles of latitude for every 5 dc*grees, 
liom 30® to 70°, III Older that the dial may ausw'er lor the 
greater part ot Km ope. This divL^ion at every 5 degrees, 
will be sufficient ; because the intermediate points maybe 
easily distinguished by the c\e. We sliall suppose then 
that the smallest circle passing through the point d, repre- 
sents that of the latitude of 60®. Set off on that circle, 
counting from each side ol the meridian, the angles form- 
ed by the hour-lines of i and xi hours, ii and x hours, 8cc, 
on a horizontal dial corresponding to the latitude of 60®. 

Perform the same operation on the next circle, which 
corresponds to the latitude/ of 55® , and thus in succession 
for all the rest. Then join the similar points of division 
by a curved line, and the dial will be constructed. 

Having placed the dial properly, that is in such a man- 
ner, that Us meridian may coincide wnth the meridian of 
the place, and that its axis be directed to the north, ele- 
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vate tlie style at an'^ngie equal to the latitude, and then 
examine wliere tlie slictdov of the stvh* falls on the ciiclc 
corresponding to t[>at latitude: the point where it falls nill 
indicate the hour. 

Rkmahk. — That these portable dials inav he easily 
placed in the proper position, a small compass is generally 
atiupfed to them ; but those who think it mifHcient to make 
the needle coincide v itli the meridian of the dial, \ull be 
deceived ; lor there is scaicely a place on the earth where 
the needle does not decline more oi less tov\atds the East 
or West. At London foi ex.implc it declines at present 
about 2*1* degrees and a quarter to tlic west suie. 

To place a dial, thciefore, of this kind in its proper 
situation at London, it must be disposed in such a manner, 
that the. needle ot the small compass shall iorm with the 
meridian an angle of 24*- degiecs rftarly, and be on the 
west side of it ; the incndian of the dial uil! tlien coincide 
with that of London. This example^ wdl he snfBcient to 
show what method must be pursued in other places, where 
the declinaliou is greater or less, or in a contiarv direc- 
tion ; ttiat IS, to the East, as it uas at London about two 
centuries ago. 


rilOBJJ M xxii. 

The Sun's altitude^ the dat/ of the vionth, and the elevation 
of' the pole^ being g even; to find tht foue bi/ a gtometrical 
construction. 

We give this construction merely as a geometrical 
curiosity; for it is ceiiain that the same ihmg can be per- 
formed with much greater accuracy by calculation. How'- 
ever, as the solution of this pLublein ioims a very ingeni- 
ous example of the graphic soluiion of one of the most 
complex cases of spherical trigonometry, we have no doubt 
that it will afford gratification t j our readers ; or at least 
to such of them as are sufficiently versed iu geometry to 
compreliend it. 
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Let us return then to fig. 19 pi. which pz repre 
sents the complement of the latitude or elevation of the 
pole ; zs the complement of the sun’s altitude, which is 
known, being given by the supposition ; and ps the sun’s 
distance from the pole, which is also given, since the de- 
clination of the sun, or his distance Irom the equator each 
day, IS known. In the triangle zrs therefore, there are 
given the three sides, to find the angle zps, the hour angle, 
or angle which the horary circle, passing through the sun, 
forms with the meridian. This case then is one of those 
in spherical trigonometry, where he three sides of an ob- 
lique triangle being given, it is required to find the angles ; 
and which may be solved geometrically in the following 
manner. 

In the circumference of a circle, w^hich must be suffici- 
ently large to give Quarters of degrees, pi. 9 fig. 19 and 
21, assume an arc equal to pz, and draw the two radii cp 
and cz. On the one side of this arc make PS equal to the 
arc PS, and on the other zr equal to the arc zs : from the 
points R and s let fall, on the radii pc, cz, two perpendi- 
culars sr and rv, which will intersect each other in some 
point x: then, if st be radius, we shall have TX for the 
cosine of the required angle, wdiicli may be constructed in 
the following manner : 

From the centre t, with the radius ts, or T5, which is 
equal to it, describe a quadrant, comprehended betw^een TP 
and TX continued ; if xv be then draivn parallel to TP, the 
arc YS will be the one required, or the measure of the hour 
angle spz ; therefore ytx will be equal to that angle. 

By a similar construction we might find the angle z,the 
complement of which is the sun’s azimuth ; but this is suf- 
ficient in regard to an operation which is rather curious 
tban useful. 

This construction is much simpler, and far more elegant, 
tban that given by Ozanam, for the solution of tbei 
problem. 
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PllOBLKM XXni. 

To construct a horizantal dial^ to show the hours by means 
of a vertical immcweable style in the centre, 

, In the construction of this dialj the tabic of the sun’s 
azimuths, given in prob. 20 , must be employed. 

Along the bottom of the style, pi. 10 fig, 22 , draw thif 
meridian line ab, of any length at pleasure ; and from the 
centre c describe, through the extremity b, the arc of a 
circle, which must be assumed as the tropic of cancer 0 . 
Having then made cd equal to about a thiid of cn, divide 
the interval db into 6 equal parts; aiul from the centre 
^describe, through the points of division, circlesconcentric 
to the first: the ssmallest will repri‘sent the tropic of ca- 
pricorn ]cP; the rest the parallels of llie intermediate signs. 
In the exterior circle, beginning at the point u, assume 
the angles or arcs bi, b \i, equal to those given in the 
table for the hours of i and xi, when tlie sun is in 225, and 
mark these points with i and xi hours; do the same in 
regard to ii and x hours, and so ol the rest. 

Take, from the same table, the angles or arcs cor- 
responding to the hours xi and i, x and ji, ix aiJ ur, &c, 
when the sun enters gemini and le(», 11 Do the same 
thing on the third circle, wlucli ccr responds to the sun’s 
entrance into taurus and virgo, b and so of the rest. 
By these means, you will havi^ the liour points on each 
circJiB} ; and if the points of the similar hours be then joined 
by a curved line, the dial will be completed. The hour 
may be known by observing the shadow on the circle 
which denotes tlie sun’s place in the zodiac on the given 
day,.. For the greater exuctncs>, tlie small intervals be- 
tween these circles may be divided into 3 equal parts ; 
tljrofigh which if dotted circles be described, they will 
(or those days when the sun occupies mean positiojQA 
in the zodiac. 

; jilBMAHK. — By. thi.> method, the edge of the shadow of 
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is* 

one of the upright bars of a window, might be employed 
to show the hours in a room ; for if the bar be exactly per- 
pendicular, it will represent an indefinite vertical style; 
and circles corresponding to the sun's place in the zodiac, 
and the hour-lines, may by the above process be traced 
out on the floor. The hour will be known by observing, 
op the circle corresponding to the sun’s place, the ppint 
where it is intersected by the shadow. 

FHOBLEM XXIV. 

To construct a moveable horizontal dial, ^ show the hours 
merely by the Sun's altitude. 

This dial seems to be very ingenious, and convenient, 
as it require-, neither a merulhin line nor «i cornpas*., and as 
nothing farther is neccssaiy to be known, but the sign and 
degree of the sun’s place in the zodiac : this however we 
shall render much easier by substituting, for the sun's 
place, the day of the month. It is attended with one in- 
convenience, which IS, that the hours near the using and 
setting of the sun cannot be marked upon it ; but we shall 
show bow this defect may be icmedied. 

Having assumad the point a, pi. 10 fig. 23, as the place 
of the style ab, whicli mc sliall here suppose to he an inch 
in height, draw the indefinite hue dac, and ag perpendi- 
cular to It : draw also tiie lines ai, ah, af and ae, making 
the equal angles CAl, iah, hag, See. Having then as- 
sumed the line a<', as that conesponding to the 21st of 
December, the dav of the winter solstice, take, from the 
third table, the sun's zenith distance, for each hour 6f the 
day, wlien lie enters capricorn, and make the angles ab 
12, AB n, AB 10, 8cc, equal to those found in the table. 

On the line ad, destined to represent the 2 1st of June, 
the day of the summer solstice, assume A 12, a 1, a 2, a S, 
A 4, A 5, &c, of such a length, that the angles ab 12, AB 1, 
AB 2, AB 3, 8cc. may be equal to the sun’s zenith distances 
at the hours of 12 at noon, 1 or 1 1, 2 or la, and so on. 
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111 Jik^ i%Jincr^ having raiseclf on the line ai, a perpeit- 
dicular^Aii:^ equal to the height of the style ab, make the 
a^gl^ AKi., AKM, AKN, &c, equal to the sun’s zenith 
distances at the hours of 12 , 1,2, &.c, when the sun enters 
aquarius or Sagittarius ; and on that line mark the ppints 
N, Sec : these points will be those of noon^ the hours 
of 1 or il, 2 or 10, and so on. 

On each of the lines ah, ag, af, &,c,^o the same thing: 
which will give on these lines the hours of the day ; and 
if the similar liorai y points, such as those of noon, those of 
I or 11, 2 or 10, 8ic, be joined by a curved line, the dial 
will be constructed. 

The methoil of knowing the hour on this kind of dial, 
is as follows. Let ns suppose, for example, that the given 
day is the 21st of October; expose the dial to the sun on 
a horizontal plane, so tint the shadow of the style may 
fall on the line ah, or that uiarkctl 21 October, and ob- 
serve where the shadow termnuitcs ; for that point ^ill 
indicate the hour. 

If the proposed day be diflbrent from those coriespond- 
ing to the lines ac, ai, aii, &,c, the intermediate line, gn 
which the shadow of the style ought to fall, may be easily 
found, by counting the number of days elapsed between 
the given time, and the 21st of the neatest month. Let 
the proposed time, for example, he 10th of April. Be- 
tween the 10th of April and the 21st of March, there are 
^9 days; consequently the Iiae of the shadow ought to 
form with the line ao an angle of 19 degrees. From A 
then as a centre describe a seiiuciicie, and liaving divided 
it into degrees, draw dotted lines through every 5 of these 
divisions. The shadow may then be made to fall on the 
proper line without much diflBculty* 

j^EMAKKS. — I. It may be readily seen, that in regard 
tq the hours near sun-nse or suii-set, the length of the 
shadow w^ll make them fall without the dial. But this 
i^oqyeqicnce ipfy be remedied in the following maqi^er: 
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to the dral a circular rim, concentric vill tbe style, 
and of the same height : it will be easy to fibtf on tHls 
ritn, the points where the shadow terminates at the dif- 
ferent hours till sun-set. 

11. This dial may be made coricave, so as to fordi a p'oi*- 
tion of a spherical surface, pretty deep, that the slummtt 
^ the style may be on a level with the edge. The horary 
points may be found by the method above described ; 
those near sun-set or sun-rise excepted, for it is evident 
that the shadow \)f the style will never go beyond the 
extent of this sphencaJ concave siirfac 

FROBLKM XXV. 

To Lonsiruct a horizontal dial^ to show the hours hij means of 
the suHy without the shadow of any sf i/le. 

The invention of tins dial is very ingenious ; but Oza- 
natn did not attend to one very essential circumstance ; 
namely, the declination of the magnetic needle, which in 
his time was considerable, and which being at present 24} 
degrees at London, would occasion a very great error, 
without employing the expedient which we sliall here 
apply to the construction of it. But we shall first sup- 
pose the needle to have no declination. 

Describe, on a moveable horizontal plane, pi. 11, fig. 24, 
the right-angled parallelogram abcd; and having dirided 
each of the two opposite sides, ab and cD, into two equal 
parts, in the points e and r, join these points by the 
straight line ef, which will be the meridian. On this line 
assume at pleasure the point o, as the place of the i^tyfe, 
and the points f and h as the solstitial points of cancer 
and capricorn ; through which, from the point g as a Cen- 
tre, describe two circles, representing the trdpicS,' 6r th« 
comsaencemeut of these signs. . ^ ^ 

Then divide the space hf into 6 equal ^ilhaFts^ 'an^ 
through the extremities of these parts describe S ofer 
circles representing, in order, the cirdes ^ deelinatioti^ 
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JW ^ «^4edlmtloii eoiires^ndi^ t» 

«f IkK^, is «Qrn»ij»oiM]!iQg to ^t flc^ree 
tf'gmim} correipoAding to tli&%st dogco^of ta^ 
1^ t^ fsi^ ^ iJtat oorrespooding to ||p)i j|rst degwift of 
|d|m so of tho Mst. 

’ 'P^ cirolo tepreseoting the tropic of «*ns^ 

OB eacb'side of tlie Uoe oh, ores equal to the 
as given iQ< the above table, at th^ hours oi ll 
•ltd <^.|0l4iQd 2, 9 and 3) &c } do the sadte thing in regard 
to the (drcle representing the commencement of geoihid 
and leo ; and so of the rest : if the similar hour points be 
then joined by a line, which most necessarily be a curve, 
if the lines are equally spaced, the dial tvill he con> 
atmeted. 

To supply die place of a style, fix a smsU pin in o,' 
suspend from it a magnetic needle, sO as to play 
freely, and he able to assume its natural directum. 

Tq,huow the hour, expose the ctial to the sun in such a 
nupmer, that the side as shall be opposite to tfat spo, and 
that the sides cb and OA shall project no shadow i the 
pmnt where the magnetic needle intersects the are, ipof> 
reimnding to the sign in which the sun’s jplaiBe then ts, 
wi|i jmhptte the hour. Accordmg to the we 

8<q||M|h,tl}e sou in the beginning of cancer, it 
dicate about three quarters after 9 in the marniiqp 

We ^ve already observed, that thif woW 
hhiintft (udy iu mo the magnetic needle Imd po dfohpni; 

htU; ifs its declination at present at tondoulApUj^ 
&g^,jvwit, the foOowiug correction wUl hp pecessaqr,. 

always* be 24i too far towinds tte 
" l^of ynakiog the angles c, B, A, and 0, right 
^oard in such a manner, tha]^||^ M. 
rj-W* wid the angles c a^ a 
■ ei^pf in declination 
y, hut to expose “the ti«}48*V* 
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tnentionod, in sncb 4 qaantier that, the side» i* and a& 
shall project no shadow. 

' PnOBLEM XlCVf. 

To cMsttuct a dial to skm the hours iy rejfection, < 

A dial to shotSHhe hours by reflection Dfthy be described 
in the following manner, on a dark wall Or celling. De* 
a dial on a horizontal plane, that can be ilhitrdna^ed 
by the rays of the sun, such, for example, as the'bdttoln 
of a M'indow ; but in such a manner, that the centre of 
the dial may* be towards the north, and the %<]^nOctial 
towards the south ; \\ hich will give to nO hour-lines a po> 
sition contrary to that which they ought to have.,in com- 
mon horizontal dials. Wlien the dial has been thus con- 
structed, and furnished with a small upright iityle, apply 
a piece of thread to any point at pleasure, of one of the 
hour.lines, and extend it over the end of the style, till it 
reach any point of the wall or ceiling ; this point Will Us 
one of these of the hour-line to which the end of the 
thread was applied. If four or five points be determine, 
in the same hiaonfer, for each honr-Iine, by then drawing 
lines through these points, the required dial will foe don- 
strueted. 

To' know the hours by reflection ; adapt a small mirror, 
an inch or two in diameter, to the summit of the Styfe’, 
and let it be fixed in a position exactly horizontal t the 
light reflected from it will indicate the hour. ^ 

Instead of a mirror, a stnail goblet, an inbh Or tw^ in 
diameter, may be applied to the summit of the style} and 
be filled' with’ water till its surface be exactly one’ll tev'dl 
With the extremity of the style : the light reacted -fipotA 
it will indicate the hours in the same manner, and Wilt foe 
more easily rdiserved in cloudy weedier, 
scareedy appears; because the shrface bf die edS 
generally have a small movement, which 
light trefl^ulOtts, will render it petfiepdble,’ 
ing its weakness. 
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Amth^ 'Meiho^^ 

Pitee, in any part tS tbe bottom of a window, a small 
g(^lot; and iMi, ’it with water to a given height. . Place 
aJsOj (81 the bottom of the window, a sao'dial, and wlten 
the shadi^w of the style falls, on tlie hour of noon, marh on 
the or wall, which receives the reflected ligh^f 

central point of the image of that luminary: 
do tile same thing le regard to all the other hoOrs, and 
mark titese points with the boors to which they cor- 
respond. 

T^wo or three mouths after, when the sun’s dccltoatiou 
has considerably changed, if the same operation be per- 
formed, you will have two points of each hour* line, and 
if tbe surface, on wincli they arc traced out, be a plane, 
to qbtmo the required hour-line, nothing will be nece»> 
||iy but to Join them by a straight line. 

. *1^ if tbe surface, which receives tlie reflected light, be 
carved or irregular, to obtain the hour-line a greater 
' mtoaher of points will be necessary. To trace «t out ex- 
actly, the operatiou of flniiing a point foe each hour-line 
ought to be repeated for live or six months, from t||e one 
solstice to the other : if tliese points be then joined by a 
curve, they will give the hour-lines required. 

Third Method, 

Having described the hour-lines, in the usual manner, 
on a horismntal plane abcp, pi. 1 1 flg. 35, turn the dial 
in a diiiection contrary to that which it ought to have^ and 
from a point e of tbe meridian raise a jierpendicuiav atyle 
of tnqh a height, as it ought to have to indicate tbo hdurs : 
r^Mua-stjiile apply a aniiiU mirror, so as to he exactly ver- 
tical, having its plane perpendicular to that of tite meti- 
^an, and its centre corresponding iq the stunrait of the 
style, as seen in the flggry the reflected light id the 
will then indicate the hours on the dtal. 

sS 



260 


DIAtttNd. 


Fottrt/f 

By a aimUar aietiiod, a s^n«dial might be tracedout on 
a wall exposed to the north, so as tp show the lioora by 
the reflection of the sun’e rays from a snmfl. iteEti{!al.nur> 
ror, placed against a wall exposed to the south. This 
would be attended with no great diflSeulty ;,an^ stl^h of 
oOr readers as arc cunous in dialling any exe^tpioe tsheir 
iiigunUity on the execution of it. 

GNOMONICAL rAKAl>OX^ 

JSvery sm-dial, haweoer exmrattly conttruetedt 
and evm sensibly so, in regard to the hours near Sn-eet 

Tlie truth of what is here asserted, will be readily per- 
eeiTod by astronomers, who are acquainted with the eflects 
of refraction. The following observations will make it 
sensible to our readeis. ^ 

It is a fact, now well known to all philosophers, that tW, 
heavenly bodies always appear more elevated tlian they 
really are, except when they are in the zenith. ThispHe- 
nomenon is produced by the refraction, which the rays Of 
light, proceeding from them,* experience in the atmo- 
sphere ; and the effect of it is very considerable in the 
neighbourhood of the horizon ; for when the centre of the 
sun is really on the horizon, he still appears tobe^yated 
more than half a degree , or 33 minutes, which in oui^- 
titudes IS the quij^ntity of the horizontal refractipn. , The 
centre of the sun men is really on the horizon, >andf astro- 
nomically set, when his lower limb does not tdupK the 
horizon, but is still distant from It an apparenV semi- 
diameter of tlie sun. j 

!^t Us suppose then, that On the day the equi'^^ 
for examjj^,' the hour indicated by a vertical west-aid, 
near ’the rime of son-settiiig, blis been observed at the n>o- 
ideijt w^ien a efell-regulatcd clod^ ‘strikes 6 : the shadow 
of the style ought to be on thefluor of 6, and it. would 
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^ideed be jhe saq were on the horizon ; but being 
eleveted 33 ooisUleis ebuve I k^zob» (be sfa^ow of the 
ftylu lariH be wHbia 6 hours, for it ‘b by the apparent 
knage of ^ «un that this shadow ia fonn^ ; it wil) even 
not reacH that itae tiU the sun has>still descended 33*, for 
be will employ, in the latitude of London, ^ahout 
tuue« > Bat, in a Vun-dial, an error of 3"* 83! is 
move than senttbie, * 

If the sun be at the summer solstice; as he employs in 
the latjiliwl^ of London more than 4*” to descend vertically 
33 minutes on the horizon, on account of the obliquity with 
winch the tropic cuts that circle, the difhirence will be 
more sionble as the spaee passed oyer by die shadow be- 
tween the hours of ^ and 3, is sufficiently great to suffer 
an error of a 12th or a hfiteenth to be very |)crceptible. 
We have seen, on a dial of this kind, the point of the 
shadow, which ought to have fallen on the line of 1 
Vclock, more than an inch distant from it ; though at all 
the other hours of the day the dial was very exact, aud 
corresjponded with an excellent watch whicb was com- 
pared with it* We shall therefore describe a method of 
constroctiiig a suii-dial, by which this inconvenience may 
be <d)viatod. 

v> 

, PROBLBM XXVU, 

7b a su»4ial which, TuOTiMthstanding the effect ef 

% rffnctwn,shaU indicate the hour exactly. 

We, (hall here confine ourselves 0 'the example of a 
ver%al dial without declination, turned directly south, 
and the latitude of 48’ 50'; but the same exp^ent 
may be easily applied to any other vertical dial, an^ even 
to a declining one for any other latitude. 

"Xet c be the centre of the dial {pi. Ig, gg: 86) to be 
constructed, and c xii the south line. In at^ point f of 
that line, 11^ an upright style, consisting of an irmi pin 
placed pei|>cndjcid^*|p the plane of dial, and tap- 
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minatittg in a i‘<ound buttdn, 7 or fli 

fliat th'<» centre df d^s bdtioh Ahttli tb# 

dial a line parallel to the celesthii ioAu, ' 

Then set off the^ngth of this style, tjdbrti frwtt tlie 
centre of the button, from p to a $ and ihroilgh the pohtV 
p draw the horizontal line gn. s a » 

,, Let it now be required to trace out, for etcanipld) the 
line of 4 o’clock in the afternoon. Consider AP as’m^hltts^* 
an<f from a, ah a centrfe, tvitb the distance ap, deSOPib^ a 
quadrant. Then find the azimuth at 4 to 

the afterttoDn when he enters capncortt, for tbe^itudd 
of 48^ 50', and the same ayiniuth at the same hour whf^n 
he enters aquarius or Sagittarius, libra or aries, ti&nrus or 
Virgo; these four azimuths will serve to give four points 
for the line of 4 hours, which will be sufficients The 
sun’s azituuth at 4 in the afternoon when he enters baprU 
corn, for lat« 48* 50', \iill be found to be 52® S5'; for this 
reastm draw ak, in such a manner, tirat the angle itaP 
shall DC equal to 52® 35^; that is, lay off an angle equal to 
that quantity by means of a protractor, or make the 
p k equal to that number of degrees and minutes. Draw, 
if) like manner, for the othei three signs, the lines ai^, 
AM, and AN, making the angles pal, pam, van, respect, 
ively equal to 54* 28', 60® 30, 74* 2l', and then draw the 
indefinite verticals kf, lg> mu, and Nr. 

Next find the sun’s altitude at 4 in the afternoon 
he enters capricornr this altitude, for lau<48® 50', Wfll be 
found to be 40', llp^tangent corresponding to whMb is 
115^3, radius being supposed equal to lOOOiK) parts of ^ 
same kind. But as 1153 is the 86th part of lOOOob, 
divide Aic into B6 parts, and set off one from it tog^ tUs 
point /will be 6f tbe required points of ^ hoiliwhflte 

ofdo^qlock^q 

tfi like ndmAOr, to determine the point find 4lfe 
iStftddd at hour wheti he enters aquaViul,^#h6Mi 

a S* 10^^ aoif 55 the tangent edrr«if||gM to 
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#ia(l(tBtiMSg94i|p?(«dvOwe Wiewi>f 84 (S off froiiil^l. to 

yoav^biigvetbeseooDd|K>>i^re(^o)ire$i, , .i < , 
« Hwvitig two by ,t|fi»,like procew,, draw 

tbrouigii. those fwr points a Hnc somevirhat curroa^^and 
yow wUI have the hour-line of 4 ofolock. 
kM #‘>^ii 9 ilar .operation be performed for all the Otlner 
h^t^^dines, the dial will be coustrncted. * 

U'fit oarred litre be made to pass through the points of 
Oaoh J^ji^Une, eorrOsponding to the commencement of 
Oaoh aigl^ you will hav^^hat are called the arcs of the 
sig«s» traced out much more exactly than by the com- 
mon method } as the shadow of the summit of the style, 
when tlia sun is near the boriaon, must deviate from the 
track marked out for it. 

UsMABK^It will be best to begin by tracing out the 
faour4ine9 according to the usual method, but only with a 
pencil;, because the difference between the hour-lines, as 
described by both methods, can by tliese means be better 
Swerved. 


PROBLEM XXYin. 


7^0 desenbe a dial on the convex surface of d fixed cyfilinier, 
'perpendicular to the horizon. 

Thi^ dial, which is exceedingly ingenious, is attended 
|n|ll.thia peculiarity, that the hour is shown, not by the 
naadow of a style, but bj' that of a horizontal circle, which 
intmMcts the sun’s parallel. It ma|f^ emplpycd as an 
e#S w»eat in a court or garden, or may .serve as a ped^tal 
SO a Statue, or to another dial, such as the spherical one 
described in proh> 16> This dial is represented, fig< 37, 
idr'J’lb Masters may be so arranged, the circular 

eertdne, wluch surrounds tlus pedestal, perform, ttm 

]li|$ e(p c|ceu]«ur style s .this will.produ^Jlt^uch 
be |»adi»;«d by a deta^ad 

dli^l^iseop* , Adi^tbisluaJ,constri»cbfd,wiibgt^ 



m 




0X9, ^ ttie garden SaondMM^ 

at vi 9Nbt‘^dnaab<^e»>Pi4^ it «hw WwOtte' 

oCI‘j»4her Qgttnet, j| mnrik of tbat order, «d >0 «utdo*tta«9r' 
impreeromentf 4n Kercber and Boueditit lujd Wflde 
tanght, in regard to dials of tfatil kind. • ’ 

Tbe tables of tbeastoiaths and apparent altit(|dat«f the 
sunij already given, are employed in the constariRt;i0K*taf 
this di^. We bore make tue of the term apparent 
tildes, because it is evident that vrhat tre have ffld, re« 
spectipg reaction, is applicabl^n the present and 
besides, the apparent altitudes 'wy ht' employ^^yi^ the 
same ekse as the real altitudes, as has rudfierto been donet 
I.et aa, pi* H and iS fig. 27, be the diameter of the 
cylinder, on i^bich the dial is to be described^ Having 
drawn, from ope of its extremities a, the tangent ax, equal 
to the semi'diameter ac, draw the secant rn, which will 
intersect the cylinder in d: the line db will be the lengdi 
of tlK style. The style however might belonger or shorter: ' 
but this length appears to be the most convenient. Then 
froiq the centre c describe, through the point s, a cirele 
concentric to the first, and which will represent the OS* 
ticmjttcs of a]| the styles supposed to be implanted qidte 
ropnd |he cylinder. An iron circle of the same size,* 
placed around the cylinder, in such a manner as to jie ' 
kept at an equal distance from it by means of s(Mke%>wiB 
serte tp indicate Up: hours } but it will be better tooikiwtt 
the'lq^Jiinder with i^ircular piece of roar^OK having sa^ , 
a pi^ctipn as roaj pfe pder it fit for thesaine pui<p 0 an. 4 ( 
Ti^^on 1 ^^r, fig, 28, made equal to the Jinp pp ddseiilia 
the qutH^rant fN, and having divided it imp degreet^HiaMQft 
from p towards » the ^spn’s greatest altitude ahoie ihe 
holhtOD th^laoe, wlucb being at jPans^dAH > 

gite % equal to tha(t*iiumbe* of 4e|pte«»,'8l|d . 

miipdt^'jpll&h the ppint m, draw tbp 

djflsdwp ih«poiptiyir«i.gitm ar4he%ge*ll'‘« 
oi f ^ ai,|;||)n,he|giht.nf tbp #;|||||fbKh boireieepjis^vdf 



cytU(»Kl^‘&'i9tliPL* 

tfflqrteryitiniH^'to h»n^hv^9eiir- 
thii^b« 0 i^d)iHioir«ra>i:be.bo%ti>a(«il^e 
roifii^fbvIimnbiBgtiieli 

sd 4 li^' 4 H[|;lhtK 4 (»d>fe of’sudi » sist, tlw^he bottt» tttVf^e 
dbtiiititljr marked on its skirfati«. ^ -'t ' • ' 

' 4 * operation on the body of the eyiindef, thob^ 
p 8 i||imi 04 t ib -the shme tnanberi' is intended w^ith ibOonu' 
vaaiiBno«>°’it'n)ay'bei sopposed- expanded into a rectangle 
FKii, ibhii;^ length t^ ividiich is equal to its ciromPferadde 
„ AiHik, LH i^^fae above tangent at least. 

Hat^hl^#vided ra intowO equal parts at o v through' 
that'pdini draw 0 xn perpemlicolar to it; then divi^ 
each oi- the two spaces ho, of into 180 ports or degrees, 
reekoiHi^ on bath sides from the point o, which is the 
south pcunt; the points of 90 degrees, which divide ehch 
of the fDtwvais ho, of into two equal jiarts, arc the points 
of’''#‘B!i Itha mbming and 6 in the evtming, Which on the 
'’^e^dindee wiil be diaraetricaiiy opposite; as the south ^e 
G atu is diametrical iy opposite to the iine Fi or hi, wmch 
we DMisb suppose to be joined, and on the cylinder tO'form 
ou^^nelina. ' * 

Than thtoiigh each degree 0 $ the arc fm draw secants, 
wbhdi .will mark out in succession, on fi, the* tangents df 
1 , ‘ih degrees, to € 4 ° S 9 ', beyond winch it is need* ’ 
le^ togiMj as a greater number caimot be employed. 

<To inscribe the hours on the dial, and to mark, for it* 
anqde, tbe'pdin¥.;pf x in the morning 11 in the after- 
noon^ l»ptpke*tiiib» when the sun cntenlpiie’ sign as, lOolp 
in tliihtati^'tif Uie siibVa^uths, and opposite' to x and 11 , 
ymi witl>$nd53^4^*tbesan's aaimuth at x or n,. #heif * 
iwaiitertr'^MOaa; ' In the table Of altitudes, look 'aW fOf 
th#8an^i!aldt«kla at the same j^iod 'and 1x3^ whicii will 
bet^lpiM^d^ he '55* 29'; T%en count',’ on |H||qrii^ntal 
Und'i4>oi)^'diaIi front iha sthith pdnt 

T^t«kadl& vt, ' 
fnh&ijrtii# |gtitoda iK5M9K then thrbniihlhdliMilntB’i^iai^ ^ 





these ntUBb^n tominele, -jisaw tyro - 

mpeettve skies ol tincect&ngle, siidti|‘|MnA 
iRtersecl! eadi ether sjujU give the houf^jpeiet ntfsAftiinr,! 

‘ ife is here to beJNerved, that die evening'ifhetqpi! most 
be on the right of the south line, and the tauonuAgSjiavihi 
on the left. - . s , 

the reader may be better enabled to coa^r^^kl 
dde' operation, ure shall suppose, for example, thatvit' is 
nit|i^red to find the point corresponding to ,|n- int.the 
morning, or v in the afternoQ^when the sw|nM|irB .the ^ 
aigits d or iV. By inspecting=^| befareHmenB^^Fjbbbs. 
it^wilt be. found that the sun’s azimuth^ at '/ii in the morn> 
ing and v in the afternoon, is 86° 33', and tliat his altitude 
at the same time is 18° 29'. Count therefore on so, from 
o, €6* '23' for the sun’s aeimuth, and on the line from 
Vi 1^29' for his altitude: the point where the two lines 
drawn parallel to the sides of the rectangle, thrwtgh these 
(fifiaions, intersect each other, will be that of vii in;tiM|! 
morning or ▼ in the evening, when the sun enters mr iiK> 

If the points thus found, for eaob hour, at. the sun’s 
entrance into each of the signs, be then joined, wtueh will 
require only seven operations, the lines that join them- will 
be the hour<.Unes ; and if all the hours of the day» wheo 
tbeeun enters each sign, be joined also by curved lines,, 
these .seven lines will intersect the hour.liues,aiid‘heriie 
parallels of the cowmencement of the signs, '.t'.r. f 
>'^T%haow>tbe h^r on this dial, it first aei^essiHry 

to find in.whicb^lhfittllel the sun is^ and W observe, where.- 
that parallel is intersected by the lbBdoW^'the^^«^i||l|t.^' 
pesskigttbrough the pmnt of intenecrioa wHltadlmte'tiK 
t)9Mlir#tl,et Its suppose, for exaraple^.that^ tfaetidifidQiir'vof 
l!lM'afip#^«te.riie when the sun estmawil^p^^mteiaiSIto 

that sign pga, in die poipt 

tttean'dlitaii^ between the points where thici*!|iiiriwWiit iii 
tmtl^ the tfoes of'the hours viti ixt 
eofM^det^titishalf an bour^^^gRtStt’clodi.' ^ v .. 



CYLTNUmiCAt 

The kntmn aUo %it»bsen^in(;» as taught 

11^ lirtq oC tim shadow of tteoybud^r 
lot^mets^ihe paroliel of the sun; as this line b wnm 
weii terasjnfttedl^ os already mentioned'^ii tc^rd to dials 
cciofli^oxited in the form of a globe^ tbn is not to be recooH 
mended* 

The use of this dial will be more com* 
niOc&io% jf, instead of the signs of the zodiac» tlie tnoiitl)st 
ol th^ y^be employed ; tor every one knows the of 
j^hd madihf except^ronomers know the coi^ 

responJbljl^ uach montbi W to what third or Quarter of a 
sign my day belongs, For this purpose it is necessary to 
consalt an almanac. 

This change on dials of tbi^ kind may be easily tnadej 
for we may assume as true^ without any sensible error^ that 
the tenth degree of each sign corresponds to the first-day 
of each month, as the equinos: falls, for the most part, on 
of March. Instead then of taking the sun’sasnn^h 
afeitude at the commencement of the signs, nothing 
srill be necessary but to take it at ciery tenth degree of 
each sign. Then by performing the same opeiaiion aa 
that abiive taught, and joining the points beioiiYing to the 
first of each month, > ou will have the parallels ol the coni«* 
moncement of each month, and the lioiu may be known 
With grait eaae. 

II. Small portable c}lindncal diaU, whioli show the 
boor by means style adbxed to the moveable top of 
tbw cyiindct, are al^o used. The styli^^ placed oif the 
ceriwnt and being turned directly to the sun, the 
length of the shadow on die azi mutii, parallel to the exit 
clothe cylinder, shows tbe hour. A9 tbi& dial may be 
^ consiniGted, we sludl say nothing fartber drm tbe 
ayibg^Gk^ description of it may be seen in^samt hooka 







^ rno]^i,EM 

Tt describe a parStbk dial en^^ftu^nmfi 

As the construction of this dial depends a^O^OD 
^titvide at each hour of the day^ in a deterioinato ja^itwe, 
according to his ptiice in the zodiac, the tal^les^borore 
mentioued must be employed here also. . ^ 

Let ABC then, pi. 15 fig» ^9, be a quadrant, <^ire 
of is A. From the centre a describe,' ^p l^ure, 
Sevan quadrants equally dtsji^t from to 

present the commencement or me ^ «gns of tn^^Sne^ the 
first and last being assumed as the tropics* and that in the 
middle a^the equator. Mark on each of these parallels of 
the signs* the points of^e hours, according to the altitude 
which the sun ought to have at these hours, which maybe 
found in the table above mentioned. To determine for 

" 4 k > ' 

example, the point of ii in the afternoon, or x in 
tOj^ning, for the latitude of London, wlien the sun eat 
leo; as^ the table shows that the sun’s altitude is at 
time 5Q° 56', mae in the proposed quadrant the anglE 
BA(^ equal to SOP 56', and the place 'where the par^^a <>f 
tlie commencement of leo is intersected by the line AO, 
will be the required point of ii in the afternoqn ^nd, x in 
the morning. 

Having made a similar construction for all the other 
hours, on the day of the sun’s entrance into each sign, 
nothing will be necessary but to join^^by curved Uhes, 
all the points b^onging to the same hour, end th^ jclwl 
wilt be coqapleted. Then fix a small perpendiciiW s^le 
in tlie centre A, or place on the radius ao, a|iy o^ikr 
line paralld to it, two sights, the boles of whi<:h 
corre^ondji nnd front the centre a suspend aAtnaU'jpIugt* 
mcfiM ofH^ilk thread, ' , 

. Wfl^ ydn use this instrument, place the ^anft!i^lt!^'in 
aacl) a ns to be in the shade; and k 

direction radius that the jhadow of, "the 
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ih«n iy[ b4'’tbe AC, or ttiat the «itf» rays shall pass 
tbrottgh ttieiste tolpef the slghfts: the thread fitom srhich 
the plefnmet; is suspended will then thoi^ the hour, by the 
polM i^liire it intersects the sun’s parallel. 

'1*6 fiAd* the hdur with more conregience, a smalt bead 
is on the thread, but in such a manner as not to move 
too Aioety. If this bead be shifted to the degree and sign 
of the stUft’s place, marked on the line ac, and if the in* 
strame||j|||^hen directed towards the sun, as above iien*‘ 
^ioned^H^jpad will indite the hour on the heur*Hne 
which ufp^es. 

Kemabk.— To render this dial more commodious, and 
for retasons already mentioned in describing the cylindric 
dial, it will be better, instead of the signs, to mark the days 
of the month on which the sun enters them. For example, 
instead oS marking the small circle with the sign Iff, mark 
jiDNecember 21; close to the second place on one side January 
ihstead of ss, the sign of aquai lus ; and on the other 
t^ffovember 21, instead of t, the sign of Sagittarius, &c; 
^,lf we suppose the er|uinuxes invariably Axed at the Slst 
of March and the 21st of September, the days on which 
the sun enters the diflerent signs of the Zodiac will be 
nearly the 21st of each month: to use the dial, nothing will 
then be necessary but to know the day oi the month. 


FBOBJ.bU XXX. 
ti 


( H ) 


7b dtff/Hhe a portabfe dtal on a card. 

dial IS generally called the Ca|>\ichln, because it 
n^m^Ies the head of a Capuchin fnar with the cowl in* 
rUsrted. It may be described on a small piece of jpaste- 
b'l^Hpdy or even, a card, in the folloVing manneri 
jShrvhilf described a circle, pf. IS f|[« 30, at pleasure, 
♦twiytjpi of which IS A, and the diameter b lh6 

Ginmn^fi^Mtce into 24 equal parts, or at ev^AS d^frees, 
at the diameter b 12. If each' lOm points <pf 

»“thcii 
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by pRiraH4ri.ti«^tb««» ^wraMeji^^ ^ ^ 
line*} sad tlnat paawag tbrai»gb tba#«wrf^x^ ^ 
lu«<(:^«ia>o?tdoek« * 

Then at the point 1£, make the angle, a e<}u«kfcpi, 
«ha.«h:vatioa of the^^ie, and having d«awa t^W^gbtha 
point Vt whefe the dine \i t ini^rsecta tl^ M 

o^clock, the indefinite line *z fjf , perpendicular bn t^e 4n# 

12 er* draw from thp extyepwties o|i the tw»o.#jWrtlW 

Ump^ls fl> and 12 yf, which will each make line 

13 T, an apgle of 23i degreoj^whioh i* 

declination/ , • > ( 

The points of the other signs may hn. found cm this fier* 
pendiculflr *B yf, by describing from the point <**> as a 
centre, through the points ss, yf, the circumference of a 
circle, and dividing it into 12 equal parts, or at every 30 
degrees, to mark the commencement of the signa^ dfdo 
, every two opposite points of division, equally distantffa)|^ 
the points 0, V, by lines parallel to each oUier, apd 
i^pandicnlar to the diameter s* yf: these lipe? will detw^.! 
muiO, on this diameter, the commencement of the signal 
from which, as centres, if cii cniar aixs be described tbmngli 
the point 12, they will represent the parallels of the figpst 
and therefore must be marked with the appropriate ^oha-r 
racteps as seen in the figure. , ' ,, 

A slit must be made along the line ss kf, to adppt a 
thread furnished with a small weight, sulHcicat to, stc^c|t 
It ; and ip which Jt must glide, but not loo freely; so il;l^t 
its point of suspeAsion can be shifted to any poiQ|<pf the 
line 0 kf aj pleasure. , , Mr • , 

■These arcs of the signs will serve to indicate ibe 
when the sum slupc^ iti the following manner ; 
drawn al pleasurq|^ tine c kp, parallel to 
}2, 6.^ at its extremity o a small style in » 
dweftil^,^^rn tlie plane of the dial to 
tbesdicdq^litW: stj le shall covcjr the iipe f i^h 
and plnmiaet being then freely nuspeoM from tjE^t 





fTl 

lMfb4 dUwlliSft Hflifrto jfjr, the himrjm 

flie«^eftbeaiw)^titgtii«tbebott^ ^ •» 

tbmd be famished wMi a atnall beedi tohto 
\baed the jpreeedtnf^ firi^lem. 

ltstr*ihr.‘A«Thn dial eri^Aated %mi a antverial fee#> 
hniifti iKhl «ohAraeted by Fadwr de^Saiat-Rigatid, a jesoit, 
and '|Mro4essor of mathetnatics fh the ooilege of Ly6t»i| 
ttnder tbhneane of Amlmma Nottentt Bot thotigbOaanaai 
hai ^vM|||!^<»m|^cuetis place to it m his liecreatiot% at 
well a^^lmother aniterial reetihoeal anat^ma) it ap* 
peered tew that his description of tliem was too ceoljdea 
to be admitted into a work of this kind. 

«# 

FROBI.LAI XXXI. 

Method of constructing a Rmg^Diti. 

Portable ring-dials are sold by the common instrnment 
bnt they are \cry defective. The hours are 
, aShrked in the inside on one line, and a small movCiftl^ 
^ band^ with a hole m it, is shifted till the hole Correspond 
With the degree and sign of the sun’s place marked On the 
ootside. Such dials however, as ahcady said, art* defcctfre} 
for as the hole is made common to all the ’signs of the 
zodiac, marked on the circumference of the ring, it indi- 
cates justly none of the hoots but noon • all the rest wdft 
be false. Instead of this arrangcmcht therefore, it will be 
neCCtfthry to deiiCribe, on the concave suiiacc ot ilie ring^ 
seven distinct circles, to represent as many paralh is of the 
sttn’s ehtrance into the signs; and on each of these must 
be marked the sun’s altitude on his critrsnee into the sign 
iMilbnging to the parallel to which the circle correspoilds. 
nTjfen these' points are marked, the^'ditist be joined by 
which will be the real bodl&lincs, as has beeii 
vMlS^j^Desol^es. ^ \ 

l&ril^ptevided a ring, pi. 16 fig. 3i,^i^l!’athei: dd* 
•eii&id a mfisle dF the dze of the ring is' fe be 

{ iMhaving fixed 6n it as the pomt olTililispilmii^, 
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make 9 a and He, on nish aide <of s, 
the latkude of dbe pUoe, suppose L(w||ppdiat My «q<aa^^ 
the diifsnce of the zenith from the eqoeteirt theft tlnNllftigh 
the points a and o draw the chord AO, Siod Aft pefpen* 
(fieitiar to it: if tbe^j|ne A 12 be ‘then ^wa dMftugft A 
and the cmitre of the iircle, the point 13 wiUf he ^ hear 
oi noon on the day of tbh equinox. 

To find the other honr-points for the tame degr»ftt the 
conamencement of aries and libra ; from the ^w^itre A de> 
scribe the qi^rant on ; and from the pmot d^eht off to> 
ward 9 the Mb’s altitude at the dit^eiwnt hours^f dm day, 
as at 1 and 11,2 and 10, &c ; the fines drawn from the 
centre a through these points of division, if continued to 
the circumference of the circle b 12 a, will give the hour- 
points for the day <rf the equinox. 

To obtain the hour-divisions on the circles correspond- 
ing to the other signs, first set off, on both sides tift 
point A, pi. 16 fig. 32, the sun’s declination when he 
ters each of the signs, viz, the arcs ae and ai of 23 de>^^ 
grees, for the commencement of taurus or virgo ; of Scor- 
pio or pisces ; af of 40^ 26' for the commencement of ge- 
aiini and leo ; ak equal to it for the commencement of 
Sagittarius and aquarius ; and ao and al of 41° for the 
commencement of cancer and capricorn. 

Now to find the hour-pointsOon the circle, that cor- 
responding to the commencement of aquarius, fmr ex- 
ample, through the point k, which corresponds to the 
sun’s entrance into that sign, draw kp parallel to ao, and 
also the line k 12 : from the same poin|: x describe, be- 
tween s 12 and the horizontal line kp, the arp fjB ; on 
which set off, fro^^ towards q, the sun’s altit^k at the 
difierent hours ofiftbe day, when he enters sagitmiiiijSiaHl 
aquarius, as s^n in the figure ; and if lines be thtfti 
from K ftyjlllp points of divirioa, yd&'wiU hav%ti^ hfrin'- 
points oHPltwo circles correspoodin^ to the eommhwotft 
ment cf Sagittarius and aquarius. By pifteeedptqj^ ift^the 





im 

inannw entran©!^ iato ^ odier sgaft, 

you will ba?jo li^|puivpoiuU of tiie circles wliidi cor* 
rei^pc^d to them* . 

. Then trace act, on the concave surface of the drcle, 
seven parallel circles, pL 16 , iig„ that in the imdtlle 
for the equinoxes ; the two next ol)^ each side for the com* 
mencement of the signs taurui>^anii virgo, scorpto and 
pisces; the following two on ilie right and left for g^mini 
and leo, Sagittarius and aquanus; and the last twii'^fiar 
cancer capricorn : if the similar hour-poiuU be then 
joined by a curved line, the ring-dial will Ih^ Completed*' 
The next thing to be done, is to adjust properly the 
hole which admits the solar rays; for it ou^t to be 
moveable, so that on the day of the equinox it may be at 
the poimt A ; on the day of the summer solstice at g ; on 
ihe day of the winter solstice at l; and on the other days 
the year in the intiu mediate positions. For this puiv 
pose the exteuor part of the ring cud must have in the 
middle of it a groove, to receive a small moveable ring or 
hoop, with a hole in it. Tiic divisions L, k, i, a, i., f> o, 
must be marked on the outside of this pait ot the ring by 
parallel lines, inscribing on one side the ascendmg signs, 
and on the oilier the descending : when tins construction 
has been made, it will be easy to place the hole of the 
moveable part a on the proper divisio»i, or at some inter* 
mediate point ; for if the ring be pretty lafgc, each sign 
may be divided into two or three parts. 

To know the hour ; move the hole a to the proper di- 
vision, according to the sign and degree oi the sun’s place; 
then turn the instrument in such a manner, that the sun’s 
rays, passing tbrougli the hole, may |j|dl on the circle cor- 
responding to the sign lu which the sim is : the division 
on which it falls will show the hour. 

‘ Remaiiksv— -L To render the use of itt^instrumout 
oashu'9 instead of the divisions of cbe signs, days cor- 
responding to the commencement of the signs might be 
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marked out on it: for oxample^ June |^| insifiaci ^of 
April SO, August 20^ instead of H an|||^i^ and flo on^ * . 

!I. The hole a might be fixed, and the most proper 
sition for it would be that which we originally assigned tQ 
the day of the equiiK^ ; but in this case, the hoof of npon^ 
instead of being found on a horizontal line, for all the 
circles of the signs, according to the preceding method, 
would be a curved line ; and all the other hour-lines would 
curved lines also* As this would be attended with a 
Gonsiderabti^.d^S^^^' embarrassment and di^culty, it 
will be bet^f in our opinion, t\ it^^the hole A should be 
moveable. 


PROBLEM XXXII. 

n 

How the shadow of a style^ on a Sun*dial^ might go haok^ 
wardSy without a miracle. 

This phenomenon, which on the first view may appeal^ 
physically impossible, is however very natural, as we shail 
here show. It was first remarked by Nonius or Nugnez; 
a Portuguese mathematician, who lived about the end of 
the sixteenth century. It is founded on the following 
theorem. 

In all countries, the zenith of which is situated betwiien 
the equator and the tropic, as long as the sun passes be* 
yond the zenith, towards the apparent or elevated pole, 
he arrives twice before noon at the same azimuth, and the 
same thing takes place in the afternoon. ‘ - 

Let z, pi. 1*7 fig, 34, be the zenith of any place situated 
between E the equator, and t the point, through which 
the sun passes on the day of the summer solstice; let the 
circle haqibkh represent the horizon; rb^ one^tedf of 
the equator; tv the eastern part of the tropic 
horizon, and gt the western part. It is here evidecit^ 
that from ,t|ie zenith z there may be drawn an jtoimhth 
circle, sucli as zi, which shall touch the tropic in a point 
o, for example ; and which shall fall on the horizon in a 
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pohi't, kit^atc^Otween the [KHDts q and f, whidi are 
those- ^bere tbei^j^Jion is intersected by the equator apd 
the tropic ; and, for the same reason, there may be drawn 
another azimuth, as zn, which shall touch in o the other 
part of the tropic. ^ 

Let us now suppose that the suh is in the tropic, and 
consequently nsing in the point p *, and let a vertical style, 
of an indefinite length, be erected in c. Draw also the 
lines ICR,, and fcn; it is evident that at the inomcatof 
sun-rise the shadow of the style will be prmocted in CN • 
and that when the sun has arrived at the p^lFof contact 
o, the shadow' will be projected in ck. While the sun is 
passing over po, it will move from cm to ck, but when the 
sun has i cached the meridian, the shadow will be in the 
line CB ; it will therefore have gone back from ck to cb : 
from sun-rising to noon then it will have gone from cn to 
UK and from ck to cb ; consequently it will have moved ,, 
ih a contrary or retrograde direction ; since it first moved 
"from the smith tow'ards the west, and then from the west, 
towards the soiitii. 

Let us next suppose that the sun rises between the points 
F and I. In this case the parallel he dqpcribes before noon 
will evidently cut the azimuth zi in two points; and 
therefore, in the course of a day, the shadow will first fall 
within the angle kcl ; it will then ;»roccod towards ck, 
and 'even pass beyond it, going oat of the angle ; but it 
will again enter it, and, advancing towards the meridian, 
will proceed thence towards the east, even beyond the line 
CD, from which,it will return to disappear with the setting 
of the sun within the angle lob. <*, 

• It is found by calculation, that in the latitude of 12 de^ 
grees, when tlie sun is in the tropic ^ii the same side, the 
two lines cn and ck form an angle of it” 48' ; to pass oves 
wWidi thO'sbadow requires 2 hours 7 minute^, ^ 
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PROBLEM XXXni. ^ 

To construct a dial^ for any latitude^ on which the shf^tHW 
shall retrograde or move backwards, , 

For this purpose incline a plane, turned directly soutli^ 
in such a manner, that its zenith shall fall between the 
tropic and the equator, and nearly about the middle o( 
the distance between these two circles: tti the latitude of 
London, for example, which is 51* 3l', the plane must 
make an angle of about 38?. In the middle of the plane^ 
iix an upri|pl!^style of such a len th, that its shadow shall 
go beyond tile plane ; and if several angular lines be then 
drawn from the bottom of the style towards the south, 
about the time of the solstice the shadow will retrograde 
twice in the course of the day, as above mentioned. 

This IS evident, since the plane is parallel to the horU 
zontal plane having its zenith under the same meridian, at 
the distance of 12 degrees from the equator towards the 
north ; the shadows of the two styles must conseqiieiltlv 
move in the same manner in both. i 

PROBLEM XXXIV. 

To determine the iMe (raced outy on the plane of a dialf by 
the summit of the style. 

We here suppose that the sun, in the course of a di* 
urnal revolution, does not sensibly change his declination ; 
for if he did, the curve in question would be of too cbitti* 
plex a natjiire, and very diflScult to determine. 

Let the sun then be in any parallel wl^tever. Itmi^ 
be easily seen that the central solar ray, drawn t6‘1:he* 
point of the style, describes a conical surface, unless the 
sun be in the equator; consequently the shadow pro^ 
jeeted by that point, whifh is always ditectly opposftd to 
it, passes pvelp, in its revolution, the surface of tte 
site cone, which is united to it by its summit. Nothing 
then is necessary but to know the position of the plane 
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which chto^the two cones; for its intersection with tbe%o« , 
nical surface, ded^b^ by the shadow, will be the curve 

Those therefore who have the least knowledge of conic 
sedtions will be able to solve the problem. For, Ist,^ If 
tbu? proposed place be under the equator, and the plane 
horkontal ; it is evident that this plane intersects the two 
opposite cones at the summit : consequently^ the track of 
the; slmdow will be an hyperbola bcd, fig. 11 pi. 35, 
bating its summit turned towards the botto^t of the style. 

But It may be easily seen, that as tlic s]^^pproadie$ 
the equator, this hyperbolic line become#^ flatter and 
flatter; and at length, on the day of the equinox, U 
changed into a straight line ; that it afterwards passes to 
the other side, and always becomes more and more curved, 
till the sun reaches the tropic, &c. 

We shall here add, that the sun rises every day in one , 
of the asymptotes of an hyperbola, anti sets in the other. , 

In all places situated between the equator a^hd the 
polar circles, the track of the shadow, on a hevizontal 
plane, is still an hyperbola ; for it may be easily seen that 
this plane cuts the two opposite cones, united at their 
summits, which are described by the solar ray that pas$eA 
over the point of the style ; since in all these latitudes the 
tviro tropics are intersected by the horizon. 

3d, In ^11 places situated under the polar circle, the 
line described by the shadow on a horizontal plane, when 
the sun is in the tropic, is a parabolic line: but that dc* 
scribed on othe^ days IS hyperbolic. ' 

4th, Jn places situated between the polar circle and the 
polci as long as the sun rises and sets, the track described 
by the^badow of the summit of the style, is an hyperbola 
the ^un has attained to such a high latitude that he 
the horizon, instead of setting, the track is 
a .ppU'ajloia ; ,at^, when tbe sun remains the yrhole day 
^00 the horizon, H is an ellipsis, more or less elongated. 
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5'th. Lastly, it maybe easily seen that. undcK the pole 
the track of the shadow of the 9ummi#*6f the style la al- 
ways a circle ; since the sun, during the whole day^ire- 
mairis at the same altitude. 

ConoLLARY.— As the arcs of the signs arc nothing else 
than the track of the shadow of the sumntiit of the style, 
when the sun in his diurnal motion passes over the paral- 
lel belonging to the commencement of each sign, it fol- 
lows that these arcs are all conic sections, having their 
axis in the meridian or substylar line. In horizontal diak, 
constructcd^^r places between le equator and the polar 
circles, and in ail vertical dials, w nether south, north, east, 
or west, constructed for places in the temperate zone, 
they are hyperbolas. This may be easily perceived, on 
the first view, in most of the dials in our latitudes. 

These observations, which perhaps may be considered 
by common gnomonists as of little impoitance, appeared 
to us worthy the consideration of those more versed in 
geometry ; especially as some of them may not have^Wk- 
iended to them. For this reason we resolved to give 
them a place m this work. 

PROBLEM XXXV. 

To know the hours on a sun-dial^ the moon shining on it. 

This problem will not appear difficult to those who 
know' that the moon’s passage by the meridian is evefy 
day later by about 4*8 minutes; that when new, she passes 
the meridian exactly at the same time as the suft; and 
when full, ^12 hours after. 

*First, find the mooirs age, which is givVn irrevery com- 
mon almanac, where the days and hours of the tieW and 
full moon are always marked. Let us suppose then, that 
at the time when you Avisli to know the bour^ 6 daya and 
a half Have elapsed since new moon. Multiply 
inhfes, or 4 of an hour, by 6i, and the product wflU^e .V, 
dr S hours la minutes, which must he added tdthe^taour 
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ioilicated by tbo dial If tbe dial therefore indicates 4 
lK>iira»;thH real tiaie will be 9 hours 19 raingtes. 

' rBufc the hour may be found much more exactly in the 
foljawing manner. First find at what hour of the day the 
moon has passed, or will pass the meridian ; which may 
be determined by the help of a common almanac, where 
tbe limes of the moon's rising and setting are marked ; for 
if tbe interval between tbe rising and setting be halved, it 
will give the tune of the moon's passing the meridtan 
nearly. 

Let us suppose then, that the moon has the meri- 

dian at 3** 30^ m the afternoon ; the difference of this 
passage from that of the bun, were the moon fixed in the 
heavens, would be hourb later than tbe sim. Conse- 
quently if the moon indicates, on a sun-dial, in the 
evening, we may conclude, on the snppo'-ition of the moon 
being motionless, that it is eleven at night. But since, 
in this interval ot li houis, Hie moon has had a retrograde 
jbotion towards the east, which occasions iii her passage of 
tbe meridian a retardation of 48"' dailv ; winch is at the 
rate of 2 minutes per hour, we shall have lor 7^ hours 
15*", which must be added to the hour indicated by the 
moon, over and above the quantity by which licr passage 
OVer-the meridiari has been later than that of the sun. 

If the moon had passed the meridian before the sun, it 
would be necessary to deduct fronA*the hour indicated by 
the moon the quantity by which she preceded the sun, 
and to add to the remainder as many times two minutes as 
the hours she indicated. But this calculation, however 
short, may be^ avoided by means of the following snaitH 

This machine consists of two circular plates of brass or 
.^wopd, or paste-board, pi. 13 fig. 36, one of which aigh is 
and tbe other befl moveable. On the fixed plate 
is d^cribed acircleaf^A, divided into 24 equal parts, 
tepir^nting tbe 24 hours of the day ; each of which must 
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be subdivided into halves and quarters. ^ Aboi^ttbia pi^ee 
IS applied the other plate in.sucb^^fnanaei Itatofee 
moveable around the centre c, which is common to 
and tlie circumference of the latter is divided into .parts 
which represent the hours indicated by the moon on^ a 
sun-diaL These hours arc'^not equal to those of the sUfi 
described on the fixed plate, but must be each 2 minutes 
larger ; since the moon's daily retardation is about 48 mi* 
nutes, or 12 minutes in 6 hours. Therefore, since the 
degree of a sign is equal to 4 minutes in time^ it is evi- 
dent that 3 degrees are equivalent to 12 minutes of time. 
For this reason, having drawn tht south-hne acg, set off 
on each side from the point A, to e and I 93 degrees for 
6 hours; and divide each of these spaces into six equal 
parts, to represent as many hours ; then into halves and 
quarters, as seen in the figure. 

To use this instrument, place the index nb of the move- 
able piece at the hour of the moon's passing the meridian 
on the proposed Jay ; then observe the hour indicated by 
the moon on a horizontal sun-dial, and opposite to the 
same hour on the moveable piece, you will find, on the 
other, the true hour of the day. 

PllOBLEM XXXVI. 

To construct a dial to show the hour by the Moon, 

To employ a dial of this kind, it is necessary to know 
the moon’s age, which may be always found either by a 
common almanac, or by some of the methods we have 
already pokrted out, under the head astronomy. 

To descinbe a lunar dial on any plane whatever, such 
for example as a horizontal one, first trace out on it a iio- 
rizontal sun-dial for the given latitude, and draw the tswo 
lines S 7, S 9 parallel to tin; equinuctial, p). 18 fig. 37 ; the 5 
first , of which being assumed as the day of fall mooii}'4he 
second will represent tliat of new moon, .whnere timilim^r 
hours correspond with the solar; and hence the 
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on tliose two purailelsi^ b}^ tines prot^eeding 
irdm of the dial a, Ere common to the sun and 

thef^iWDbn; 

^Then divide the sf^ace bounded by the two parallel 
lines S 9, 5 7 into 12 ecjual parts ; and throuf^h the points 
of*ditmon draw as many |)arattcl lines, which will repre- 
sent those days of the moon when she successively recedes 
an hour by her own motion towards the east, and on which 
she consequently passes the meridian every day an hour 
later. The 6rst paiallel, 4„10, being the day on which 
the moon passes the meridian an hour laterthan the suO, 
the point b ot 1 1 lionrs, by the moon, will be the point 
of noon or 12, according to the sun; as the next 5, ll 
represents a day on which the moon passes the meridian 
2 hours after the sun, the point c of 10 hours by the moon, 
will be the point of noon by the sun ; and so of the rest. 

It is now evident, that if the points 12, b, c, ami all the 
others belonging to noon, which cmu ho found by the 
same method, be joinod by a cul!‘ved lino, this curve will 
be the lunar meridian. The otlier lunar hour-h .es may 
1)0 easily traced out also by a similar process. 

Because the interval between the moon’s conjunction 
with the sun and her opposition, that is, betwec.n the time 
of ne% and full moon, or that when she is diametrically 
opposite to the sun, so that she uses when the sun sets, is 
about 15 days, all the jircceding parallels, except the two 
first 58, 39, must be effaced ; and instead of duiding the 
interval into 12 equal parts, it must be divided into 15 ; 
in order that you may draw, through die poihts of divi- 
sion, other parallels, which will represent the days of the 
moon^s age; and which therefore must be marked with 
tho^proper figures along the meridian line, as seen iO the 
plate; by wldch means the true hour of the night may be 
knolvii, whisit the moon shines, in the following mafiner. 

.In centre of the dial a, fix an axis or pin, so as to 
form at tbbt centre with the line a 12 an angle equal to the 
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elevation of the pole above the plane of the which we 
suppose to be horizontal: this axis, by its shadow on the 
current day of the moon, *^ill indicate the hour as re- 
quired. ^ . 

PROBLI^^ xxxvii. 

To describe the arcs oj the signs on a sun-diaU ’ 

Of the appendages added to sun-dials, the arcs of the 
signs may be classed among the most agreeable ; for by 
their means we can know th^siin’s place in the different 
sigoA, and as wc may say can fol w his progress through 
the zodiac. Wc. therefore thoiiglit it our duty not to omit, 
in this work, the method of describing them. 

For the sake of brevity, we shall suppose that the plane 
is horizontal. First describe a dial such as the position of 
the plane rc<]uircs, lliai is, a horizontal one, and fix in it 
an upright style, terminated bv^ a splicnciil button, or by 
a circular plate, having in its centre a Iiole, of a line or two 
in diameter ; according to the size of the dial. Then pro- 
ceed as follows : 

Let it be required, for example, to trace out the arc 
corresponding to the commencement of scorpio or pisces. 
First find, by the table of tlie sun’s altitude, at each hour 
of the day in the Jaiilude of London, for which we suppose 
the dial to be constructed, the altitude when he enters 
tliese two signs. As this altitude is 26'^ 43', make thetri- 
angle stk, pi. 19 fig. 38, in which st is the height of the 
style, and such that the angle skt shall be equal to 26® 43'; 
tlie point ilwill be the first point of tlic arc of these two 
signs. 

Then find, in the same table, the sun’s altitude at qj^ 
in the afternoon of the same day, which will be found equal 
to 26® 30' j and construct the triangle stf, in such a man- 
ner that tlie angle i? shall be 25® 30^; then from dm bottom 
of the style s, as a centre, with the radius sj?, describe an 
arc of a circle, intersecting the liues of i and xi hours in 
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tbe twO^^i^iints oand tliese wiil be the points of the arc 
jof those signer on the lines of i and xl. 

' If^the same operation be repeated for all the other hours, 
you will have as muriy points, ^hrongh uhicli if u curved 
„ lino be drawn, by means of a very Hex inlLr, you will 
obtain the arc of the sign' scOl^iio and piscc'^. 

By employing the like consiniction, the arcs belonging 
to the other signs may be obtained. 

Another Method, 

4 > 

, According to this method, the table of the sun’s al^tude 
at the different hours of the day is not requisite. A simple 
graphic operation is sufficient; but as a figure called the 
triangle of the signs is employed, it is necessary that wc 
should first show how it is constructed. 

Draw the line pi. J9 fig. 30, of an indefinite length; 
and from the point a, as a ci litre, with any radius a», de- 
scribe an arc ofa circle . make the aic^ be and Breach equal 
to 11** 30', which IS the sun’s declination at the commence- 
merit of taurus and virgo, scorpto and pisces the two 
former northern, and the two latter soiuhcrn ; and draw 
the lines AE, Ac; the former of which will belong to the 
first two signs, and tiu' latter to the other two. 

Iri^ike manner make rf and n/ equal to 20® 12', and 
draw AF, and Afs the former of ulucli will correspond to 
the signs getnini and Ico, and the latter to sagittaiuK and 
at^uanus. 

Lastly* if BG and Bg be made Cvpial to 23* 28'; the line 
will correspond to cancer, and Ag to caprfeorn. 

Wc shall now suppose that it is required to describe the 
dircii of the signs on a horizontal dial : having fixed in the 
ptGper place, as above directed, an upright style sT, fig. 
W and 40, draw the equinoctial and hourdines; and on 
Afi raised perpendicular ad, equal lo tp the distance of 
the Summit of the style from the centre of the p, 

'^NoV, if you are desirous of having marked on the me- 
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ridian the seven points of division of the arcs of ^ sigcs, 
make ac, fig. 39, equal to rt, the distance of the summit 
of the style from the equinsiptia] ; ^d draw the tin^ dc^ 
whieh will intersect the lines of the signs, in the points 6, 
4, 2, c, 1, 3, 5 : if these pq^ts be transferred in the samen. 
order t<|the meridian, fig. 40, making r 6 equal to c6, 
r 4 to c4, r 2 to cQ, R 1 to c 1, &c, you will have the 
points through which the sun passes at noon, on the days 
when he enters into the different signs. 

Let it now be required to ^d the same points on one 
of tine hour-lines, that for exam leof iii and ix. Ftom 
the bottom of the upright style s let fall on that hour-line 
PM a perpendicular sv, fig. 40, and continue it till it meets, 
in the point n, the semicircle described on pm as a dia- 
meter; then make ah, fig. 39, equal to pn, and Al equal 
to pm; and draw in through the triangle of the signsi 
this line wj]^ be intersected by the seven lines of the signs 
in seven points, which being transferred, in the same order, 
to the hour-line proposcHf^ will determine those where it 
will be met by the shadow of the summit of the style, on 
the sun’s entrance into eac1i of the signs. 

If all the points, corresponding to the same sign on the 
houf-hnes, be then joined, by making a curved lineto pass 
through them, it will be the parallel of that sign* 

Of the dif event kinds of Hours. v . 

Every thing hitherto said has related only to the eqnii* 
noGtial an^ ^qual hours ; sucli as those by which tinafe' is 
reckoned i^^ngland, the day being su^iposed to beginiat 
midnight, and the hours l>eing counted to the following 
midnight, to the number of 24, or twice twelve. This k 
the most common method of computing the hours ill 
Europe. The astronomical hours are almost thes^e; 
the only (fiffsrericc is, that the latter ate counteij, to the 
number o# 24,, from the noon of one day to. the noon 
the day following. k M 
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But di^re are some other kinds of lioUrs^ which it is pro* 
per we should here explain ; because thoy^ are aoinetiiy^es 
traced out on sun<-di|h : suc|| are the natural or Jewish 
hours^ the Babylonian, the modern Italian^ ami those of 
^tNdremberg. ^ 

The natural or Jewish lunir^cgm at sinwise ; a|4 there 
are reckoned to be 12 between that period and sun-set i 
henOe it is evident that they are not of equal lengthy except 
on the day of the equinox : at every other time of tlie year 
they are unequal. Those of .the day, in our hemisphere, 
are longer from the vertnil to the autumnal equinox : t^ose 
of the night are, on the other hand, longer while the sun 
is passing through the other hali of tiic zodiac. 

The Babylonian liours were of equal Kmgth, and began 
at siin^rise ; they were counted, to the number of 24, to 
sun-rise of the day following. 

The modem Italian houis, to\ the ancient Homatui 
counted nearly as we do fiom midinglit to midnight, are 
reckoned to the luunber of 24, fioin sun-set to sun-set of 
the day following ; so that on the days of the equinox noon 
takes place at the 18th houi,and then, as the days lengthen, 
the astronomical noon happen*^ at 17^ hours, thenar 17 
houi^ 6cc ; and vice versa. This singular and inconvenient 
method has had its defenders, and that even among the 
French ; who have found that with jd pencil, and a little 
astronomical calculation, one may fix the hour of dinner 
with very httlo embarrassment. 

However, as these hours are still used ihrougtiQUt almost 
the whole of Itaiyi we think it our duty to shSw here the 
method of describing them, by way of a Gnomonical 
ouriosity. 

PROULEM XXXVIU. 

. • 3V trate out, on a dtal, the Italian hourt, ^ 

first on the proposed plane, which we here 
suppose to be A horizonta ooe» a coiumon horizontal diul» 
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with the astronomical or European hours; delineate on it 
ako the arcs of the solstitial signs, cancer and capricorn i 
as well as the equinoctial liii^, whic^^is the arc of the equi- 
noctial signs. 

Then observe that^ days of tlie equinox, noon;*" 

for a citil constructeaat London, takes place at the end of 
the 18th Italian hour; and on the day of the summer sol- 
stice at 17 minutes after the 16th hour. Noon, therefore, 
or 12 hours, counted according to the astronomical hours, 
corresponds, on the day of the enuinox, to the 18th Italian 
bour^i and on the day of the sc iice to 17 minutes after 
the 16th ; consequently the 18th Italian hour, on the day 
of the summer solstice, will coriespond to 17 minutes past 
2, counted astronomically. Join therefore, (pi. 20 fig. 413 j 
by a straight line, the point of noon marked on the equi- 
noctial line, and that of 2 hours 17 minutes on the tropic 
or arc of the sign cancer, and inscribe there 18 hours. Join 
also by transversal linef^.l hour on the equinoctial and 
3h 17 m on the arc of cincer; then 2h and 4^ 17”^; &C; 
and before noon 1 ri* and Iji 17°* ; 10^» and 12*» 17® ; S'* and 
llh 17 ”* 5 &c; efface then the astronomical hours, which 
we suppose ought not to appear, and continue the above 
transversal lines till they meet the parallel of capf^prh, 
inscribing at their extremities the proper numberl; 
which means you will have your dial traced out as sten 
fig. 4> pi. 20, 

Remark. — It may be easily seen, by the above ex- 
ample, calculation will be necessary for a latitude 
different frUm that of London, where ibe length of the 
day at the summer solstice, is 16 hours 34 minutes^ and 
at the winter solstice only 7 hours 44 minutes. In anotter 
latitude| where the longest day is only 14 hours and die 
shortest 10, noon at the summ^ solstice will take place at 
the end of the 17th Italian hour. Noon therefore, or 14 
hours, counted astronomically, will on the day of the aoU 
slice correspond to the l7th Italian hour $ and condequOn% 
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^.l8tti:lfa.li^n .hour,.at the same period, tvUI cprre,spoi;td 
lo 1 thl^'Rftpnioufli counted astrotioniically. To. have, the 
bqufdinepf the 47th||ahan tjpur therefore, ootlung will 
be necessary, bnt to join the point of 1 in the afteriiooiit 
am tjio.arc of cancer, and thr^oint of noon on the equi> 
nootial. And the case will m the^anic with t|p other 
hours. 

PROBLKM XXXIX. 

To trace out on a dial the l^es of the natural or JemsA 
hours. 

‘ v' ^4y• 

Wc have already said, that thcj equal hours which can 
be counted from Min-nse to sun-set, to tlie number of 12, 
are called the natural hours , for it is this interval of tin^e 
which really forms the day. 

This kind of hours may be easily traced out on a dial, 
which we shall here su[)pobe to be hoiizonlal. For. this 
purpose. It will be first necessary to diaw the equiaoctial» 
and the two tropics by the prewding methods. 

No.tv it must be observed that as, in the latitude of^ 
London, the sun, on tlje day of the summer solstice, riscf 
at 3*1. 43®, and sets at 8*‘ 17®, the interval between these 
periods is equal to 17*^ 34®; couhequcntly, if we divide 
this dilation into 12 parts, each of these will be about 
hour ; for this reason, draw lines fron; the centre of the dial 
to the points of division on the equinoctial, corresponding 
to Si hours, to 1 hours, to houjs, to 10 hours, to 11 J 
hqurs, to l hour, and so on ; but marking wb'j on the 
tropic of cancerj^r^^he points of intersection vraich these 
bqurs form with it. 

manner, as the suii at the winter solstice, in the 
of London, rises at 8*^ 8®, and sets at 3^ the 
dur^Aton pf the day is only 1 hours 44 minutes ; which 
bejing divided into 12 parts, gives for each about iO fni- 
4, astronomical hour. Draw Uierefote the 
to* &T hours, to 9* Jmr3,.to 10 
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hours^ atid so oi \ ; marking only tfie points whero tjiiey ia« 
tersect the tropic of capricorn j then, if ihe eorrespondipg 
points of division, on the tvao tropics and the equinoqtiaJ, 
be joined by^a curved line, the ditii wiU be described, 
seen plate ^ I tig. 4V , „ < aj 

If m^re exactne^/be r^mred, it \yill be necessary to 
trace out two more parallels of the signs, via, tliose of 
taurus and scorpio, and to find on each, by a similar pro- 
cess, the pdiMts corresponding to the natural hours ; the 
natural hour-lines may then be made to pass through 5 
poiij^ts, by which means they wiJJ be ol' ained with much 
more exactness. 


PROBliKM XL. 

To find the hour^ by means of some of the circumpolar stars. 

The hour may be known by a starts passage by the me- 
ridian, or even by its altitude; for by means of any Ephe- 
mens, and a short calculation, w e can easily determine how 
much any star precedes of is behind the sun in culminating, 
or coming to the meridian ; and when this is known, to- 
gether with Us declination, the hour may be found by ob- 
serving its altitude. But as this process would be too 
complex for tlic generality of our readers, we shall cop- 
fine ourselves to a solution of the above problem j to fa- 
cilitate which, a small instrument, called the nocturnal, 
has been invented. It is adapted for employing the most 
brilliant of the two last stars in the little bear, which are 
called its guards. The construction of it is as fol}ow& 
Provide a 'circular piece of wood or m^al, pk 20 fig. 42, 
and having described on it a circle, divide its circumfer-^ 
ence into 3^5 parts, corresponding to the days qf tlm year ; 
which must be afterwards distributed into montbs, accord- 
ing to the number that each contains. 

To this circular piece apply knottier, moveable aromid 
the centre, and divide the circumfereoCe of 24eqiud 
parts, denoting the 24 hours of the day« At eedh of these 
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divisions there must be a small notch on the edge, in order 
that these parts may be counted in the dark by the touch. 
One of these notches however must be longer than the 
rest, for a purpose which will be explained hereafter. 

" Then affix to the edge of the lowey j^iece a small handle ; 
the middle of which ought to be in a line with the centre 
of the imtrument^ passing through the 7th of November; 
because on that day the above star passes the meridian at 
the same time as the sun : that is, above the pole at noon, 
and below it at midnight. 

Lastlj, adapt to the instrument an index, movcdble 
around a pin in the centre; and let a hole be pierced in 
the pin, 111 order to apply the eye to it. 

To use this instrument, first make the edge of the longest 
notch correspond with the day of the moni li : then apply 
your eye to the centre, and, turning towards the north, 
look at the pole star, holding the plane of the instrument 
in a direction as perpendicular as possible to the visual 
ray, and the handle of it m the vertical plane ; then move 
the index till the edge of it touches the above star, or the 
brightest of the guards of the little bear^ and count the 
number of notches between the index and the longest 
notch ; this number will be that of the hours elapsed after 
midnight. 

The instrument might be easily adapted to any other 
star: nothing would be necessary but to make tlic sniall 
handle of tlie instrument correspond with the day of the 
month when the star passes the upper meridian with the 
sun: in every thii% else the construction would be the 
same* 

We shall terminate this part of our work wiil^ a sort of 
gnomonical pleasantry. * 

PROBLEM XU. 

To tell the Aour of the day by means of the left hand. 

It may be e^ily conceived that there can be very little 

vQum. V 
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precision a method of this kind ; and therefore we attach 
no more value to it than it deserves. 

Extend tlie left hand in a horizani;al position, so that the 
inside of it shall be turned towards the bcayeus: then take 
a bit of straw or wc^^.and place it at right angles, the 
joint, between the thumb and the fore-finger: it must be 
equal in length to the distance from that joint to the end 
of the fore fi)|i|^r, and must be held upright, as represented 
in the figure, pi. 20 fig. 43^ at a : this piece of stick or 
straw supplies the place of a style. 

Turn the bottom of the thumb towards the sun, the 
hand being still extended, till the shadow of the muscle 
which is below the thumb terminate at the line of life, 
marked c. If the wrist or bottom of the hand be then 
turned towards the sun, the fingers being kept equally ex^ 
tended, the shadow of the bit of straw or stick will indi- 
cate the hour. When the shadow falls at the tip of the 
fore finger, it denotes 6 in the morning or seven in the 
evening ; at the end of the middle finger, it denotes 6 in 
the morning and evening; at the end of the next finger, 
7 in the morning and 5 in the evening; at the end of the 
little finger, 8 in the morning and 4 in the afternoon ; at 
the nearest joint of the little finger, 9 in the morning and 
3 in the afternoon ; at the next joint of the little finger, IQ 
in the morning and 2 in the afternoon ; at the root of the 
little finger, 1 1 in the morning and 1 in the afternoon ; in 
the last place, when the shadow falls on that line of the 
hand marked % which is called the table line, it will indi« 
cate 12 o'clock omoon. 

Some operations in regard to Gnomonies we 

have beep oUiged here to omit ; as it would have been 
necessai^ to add the demonstrations. We however think 
it our duty to terminate this article with a list of the prin- 
cipal works on Gnomonics, which may be consulted by 
those who are desirous of farther bformatian oa this 
subject. 
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shall not speak here of the Gftomonics of Olavioa, 
because that mathematician seems to have studied tbfe aVt 
of rendering what is STcnple of itself exceedingly obscure. 
We shall eVen confine ourselves to French and English 
wbrkS) as our object is not to give aHGg^l9M^pIete bibli^aphy 
df the art. 

La Gnomonique oi^ M« de la Hire, which appeared in , 
1683, in duodecimo, fe worthy of attention^^^^cugb a cefJi* 
tain kind of obscurity generally prevails throughout the 
works of that mathematician ; it contains the solution df 
a great many problems relating to the astronomical part , 
of dialling. 

Ozanam*s w6rk on the same subject is clearer, and bet- 
ter adapted to the capacity of common readers; it still 
holds a place among other works of the same kind, of a 
more modem date. The celebrated Picard did m>t think 
it beneath him to teach the method of constructing largo 
sun-dials by trigonometrical calculation. This treatise may 
be found in the 7th volume of the old Memoirs of the 
Academy. 

An academician of Montpellier, published in the Me- 
moirs of the Royal Academy of Sciences, for the year 
1707,* the analogies employed to determine the hour^angies 
for all dials, however situated; togi^ther witli the demon- 
strations of them. 

After that period a great many treatises on gnomonics 
appeared in France ; such as La Gnommiqueic M. Rivard^ 
Parisl767, 8vo. A clear and methodical work, which haB 
gone through several editions : that of M. dc Parcieux,’ at 
the end of his Trigommeirie Rectiligm e^Sfdk^iqtu^ pub- 
lished at Paris in 1741, 4to; a work which, to be 

studied by all those Who wish to acquire a ebrtitet know- 
ledge of this part of the mathematics. Th^ article on 
gnOmonies in the 4th volume of WolPs Course of the 
Mathematica ia exceedingly clear and concise. We can 
recommend also to those desirous of delineating sun-dials 

u8 
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with great exactness, La Gnoynonii/ue pratique j ou V Jr t dc 
tracer les Cad r arts .solaites axec beaucoup de precision y 8cc, 
par Dom Bcdob de Cellcs; a work fir^t punjicd in 1770, 
’ 8vo, and afterwards in 1774 wdth a great naany additions. 
The author employs chiefly trigonometrical calculation, 
and enters into minute details respecting every thing that 
rctafes to practice ; for one may be perfectly \Vell ac- 
quainted w|^^>lie theory, and yet embarrassed in the iip- 
plication of^it^. Useful tables, calculated for the whole 
extent of France, will be found in I Gnomonujue mise i 
^ la portie de tout le mondcy par JosCph-Blaisc Gamier, Mar- 
seilles, 1773, 8vo. Iri '^tl&r respects, this woik is of no 
great value. In regard to the ILortogiographie of Father 
de la Madclainc, though very common, we can say no- 
thing faither than that it is fit only for country stone- 
masons, who make it a part of their business to constiuct 
sun-dials. 

"We cannot here help taking notice of the ingenious 
manner in s\ Inch the celebrated S’Gravesandc, in his Essay 
on Perspective, printed at Le}den in 1711, considers the 
general pioblem of tracing out a sun-dial: he reduces it 
to a simple problem of perspective, which he solves ac- 
cording to the principles of that bAinch of optiiis. This 
part of his work is remarkable for its elegance, its prt- 
cisibn, and its universality. To the above list of wdl^ks Oti 
gnomonics, wc shall add in English, Emerson's DioHing^ 
published alpng with his Mathematical principles 6f Geo- 
graphy; Principles of Dialling; and, for 

those who wis|i to desciibc dials merely by the rule add 
comoasses. iMJSkiUr^s Mechmiic Dialling. 
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Containing a general •meihoi of describing sun-dials whaU 
ever be tXe declination or inclination of the plane. 

\^HEN tbi<8 part of our work was nearly printed offj, it 
occurred to U!i that our geometrical readers might perhaps 
find fault With us for omitting to give a ^^nctrical me* 
thod of describing inclining and decHoing^^dWs. Finding 
that the matter destined for this volume would leave 
suflficient room, we shall therefoie here describe a very 
simple and ingenious mtjithod for that purpose; as by' 
means of a few calculations, tne constiuction of any dial, 
however complex be ttu* inclination and declination of its 
plane, will be as easy as that of a common honzonttil or 
vertical dial. 

This method is founded on a verv ingenious considera- 
tion, VIZ, that any jilanc whaieviT is always a honzontat 
plane to some place ol the earth; for a plane being given, 
it is evident th«it tiiere is some point of the earth the tan- 
gent or horizontal plane of winch is parallel to it. It is 
evident also, that two such parallel planes w'll show the 
same hours at the same tune. Tliu^, for example, if we 
suppose at London a plane inchnlng and declining in 
such a manner, as to be parallel to the horizontal plane of 
l 5 (>ahan ; then a dial traicd out on that plane, as if it w'cre 
borizontui, will give the hours of Ispahan ; so that when 
the shadow falls on the suhstylc, wc say that it is 
noon at Ispahan, 8cc- 

But as the hours of Ispahan arc mot w'anted at 
London, it is necessary that ^ve should ^nd out the means 
of delineating those of London, which will notblR attended 
wth much difficulty, when the difference of longitude be- 
tween these two cities is known- Let us suppose then that 
it ia exactly 45 degree^ er 3 hours: when it is noon at 
London th(m> it will be 3 in the afternoon at Ispahan ; and 
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wheb it is 11 in the forenoen at the farmef, it will be i in 
the afternoon at thfe latter. See* Conse4|iiently, on this 
dial, which M'e snppMie to be horizontal, if wo assume the 
line of 3 O’cltickas that of noon, and mark! it 12; and if we 
the other hoi|i>}ines in the sAri^e proportion, we 
shall have at London the horizontal diki of lupahani Vbich 
wdll indicate not the hours of Ispahan, but those of London, 
as required. , f 

We flattOj^Orsel^es thkt we have here explained the 
principle of tliis method in a manner suflScicntlv clear, to 
make It plain to such of our readers . have a slight know- 
'ledge of geometry or asp;pnomyj but to render the appli- 
cation of It more familiar, we shall illustrate it by an 
example. 

L^t us suppose then, at London^ a platie forming with 
the horizon an angle of 12 degrees, and declining towards 
the west 22 J degrees. 

The first operation here is, to find the longitude and 
latitude of that place of the earth where the hoiizontal 
plane IS parallel to the given plane. ♦ 

For this puiposo, let us conceive an azimuth At per- 
pendicular to the given plane, pi. 22 fig. 45, and in this 
azimuth, which we suppose to be traced out on the Atnr- 
face of the earth, let us assume on that side which i$ to- 
wards the upper part of the plane, an arc ah, equat te the 
inclination ol that plane to the horizon: the extremity of 
this arc, that is tlie point h, will be that point of tbeeortb 
where the is parallel to the given plane. Thh is 

so easv to be comprehended that it requires no demonstra- 
tion* Let us naad^^onceive a meridian ph, drawn from 
the pole point h: it is evident that this will be 

the given plane ; and that the angle APtt, 

formed by this meridun and that of London, will givetbe 
difiorence ol longitude of the two places. Wo must there- 
fore deteroune this triangle, and to And it three 

things given, viz, 1st, ap the complement 0|f the latitude 
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oF London, which is 9&* S9'; Sii, ah the distance of Lon- 
don from the place, the hofi^ontal plane of which is 
paralld to the gtren plane, nsd «t»h^h is 12*^; 3d, the 
angle paP, coOsprohendod between {ihese two sides, which 
is equal to th» right angle has. pins bai., or that M'hkb the 
phtne forms the meridian, 

' yesolrkig this spherieoJi triangle, it will be found, 
that the angle at the pole aph, or that formed by the two 
meridians, js 3° 59'; which is the (h0eresfi^.of longitude 
between the two places a and m> 

The iatuude of the place ii will be found also by the 
solution of the same triangle; for it is measured hjt the 
complement of the arc pu, of the triangle pah ; accor^iig 
to calculation it is> 4o* 15'*. 

Thus, a plane iodintog 12* at London, and declining to 
the west 22 J degrees, is parallel to the horizontal plane of 
a jilacc which has 5" jO' of longitude west from London, 
ami 40° 15' ot latitude. The latter also is the angle which 
the style ought to form with the substyle; for the angle 
which the axis of the earth ioinis with the horizontal plane 
if ^Iwaya equal to the latitude. 

It isliere evident, that when it is noon at the place ii, it 
will be 23” 56" after noqii at the place A ; for 5° 59' in 
longitude correspond to 23"* 56" in time. Consequently, 
at rilo place a, when the shadow of the style (ails on tlie 

* Tr«gOQ0i](i<*tncal calculation may bf avoided by meant of a g^epbic 
d|x2«e<linyly tfmple, and wLicli in a contequcooe ot that taught In 
Ipxri. |h a circle of a conTejuent size, pi. as?um» an arc 

pH tp eA, make ah equal to au ; and frciirf tiie point h let fall 

a perpVmlkKtlar hi, on the radius ca. On ht de^rlbe a qu idrant, or make 
AA: equal td ttie amtrhicn measures the decimatloh pf^the pian^, or eqtml to 
the supplement of the aoiile pah , draw U perpetxdtrihstiditf and from the 
point It dr^w irn perpemdtruUi to the radius rp^ and let f ontinued till 
ii meet the circle in n • the arc pn will be equal to fH, add if an are of a 
circle be described i>ii rno, and if In be drawn perpeudirnfar from the point 
f, eh a» ta meet this arc in the angle nml wilt be equal to tli« requiiefl 
aolie f ariiv 
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sn}|^)r1(3,kwbich iflheiKterk^ Kt'WiB be 83^ 

S6‘ after twelve fA imcKifi. To iUii^ tbesn^nt ^ boat of 
nootti it vvijll ba neoem^y to4Riiiivon the m/tt Mu of tbe 
subi^tyloyaQ bouv-line corresponding W*' 

■' S^. By the like reasoning, it will be found ttoi 'll in 
the morning, at the place a, will ctHnie^dtui^'ICI'' at 
theiplace a, &g. In the same asaiiWff^ 4 ip'^be »fte)ri>oo%' 
at the place a, will correspond to 1# or* 861* 'after 
tw("lve,at ihe'^ce n; 2 o’clock will correspond to I*" 86“; 
3 o’clcn^to s'* 36®, and so of the re^'t. ‘‘ 

we suppose the snbstyie 't iJhe plane, on which 
the dial ought to be des^nheii, to be the meridian, it wjU 
be necesMiry to dc-^ribe a ’dial wliicn ^all indicate, in the 
forenoon, 11*’ 80“; lO’' 3t,“; 9'‘ 36”; 8'' S6“<j 6n.; and in 
the afternoon 12'‘ 36® ; !*> 3(1®; 2' 36® ; 3'* 36“ ; 4“ 36“ j 
&c. 

When these calculations have b<'en made, the di/al may 
b® easily constructed. For this purpose, first find, by 
prob. 3, tile substyle, which is the meridian of the plauc. 
We shall suppose that it is i>k, fig* 47, and tliat p is the 
ceptFB of tho dial. Having assumed rn of a convenient 
length, draw, through tlio point b, the line auu, perpen-* 
diculav to ?£: if A be the western sidt., the line pd, which 
corresipOHda to U hours 36 minutes, or which is distant 
front the meridian 24 minates ip time, may be found by 
making use of the foUowit^ ^altgy; 

As radips, 

Is to the cosIhqo^ the latitude, which is 40* 16'} 

So the tau^RC of the hour»at>gle corresponding to 24’* 
in time, or the tangent of 6°, 

To a fourth il*^ch will be the tangent of jtbo'jtngle 
Bprf. «/ • ‘ \ r '* ■* 

By this analogy, it will be found equal to 60 parts of- 
which«,79 contains 40Qd: if Bp of these ^rta ^tlierol^, 
takqi from la scale, be set off from s mward$ 
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be then drawn, witball have the hour-line of 1 1 houis 
minutes, for the plane of the dial, or of the place h. 

The line ve, of 10 hours 36 minutes, will be found in 
like manner, by this analogy: 

As radius, 

Is to the cosine of 40P 15'; 

So is the tangent of the hour-angle Corresponding to 10^ 
36”‘, or the tangent of 21°, to the tangent of the angle 

Bi>e. 

This tangent will he found equal to 293 of the above 
parts: it this numbei of parts therelore, taken from the 
same sc^ale, be laid od (rom « to e, we shall have the hour- 
lino ve, ( orrosponihng to 10 hours 36 minutes. 

TJio lines of tlie oth. ^ hours l>ef<>ro noon may be found 
HI the like nuirue s : die u o (irst terms of the analogy are 
the same, ^uid tlie iluul is always tlie tangent of an angle 
successively increase 1 ev thes(‘ tangents therefore 

will be those of 21", 36^^, Si"", 66'’, the logarithms of 
wlijch must be added to the cosine of 40*^ 15'; and if the 
loganrhm of rad ii*- he ^uhtractcd, ihe remainders will be 
Hie loganthin- ht. tangents of the hour-lines: these 
tangeiitus theiiiseir* mil be for ed, 8cc, 80, 293, 554, 
942, 1732, 4yi4, &c, m parts of which the radius or po 
contains 1000. 

A similar operation must be performed for the hours in 
the afternoon. As 36"’ in time conespond to 9'^, the first 
liour-angle will be the second, by adding 15'', will he 
24^ the third 39®; tlie fourth 5i°; &c. The following 
proportions then must be employed : 

As radius, 

Is to the cosine of 40® 15'; 

8o IS tlie tangent of 9°, or 24", or 39*, 8cc» 

To a fourth term, 

Which will be the tangent of the angle bp/, or Bpm, or 
BPW, Sic. 

Hence, if the logarithm of the sine of 49" 45' be sue- 



298 


DIAIIING. 


cessively added to the loganthoiic tangent, of 9®, 24*, 39*, 
54®, &c, and jf radius be subtracted from the different 
sums, we shall have the logarithms of the tangents of the 
angles vhich the hour-lines p/, pm, P 72 , form with 
the subhtyle; and these tangents themselves will re- 
spectively be 121, 359, 618, 1050, 1988, 7268, parts, of 
which PH contains 1000. If these numbers therefore, 
taken from the same scale as before, by means of a pair of 
compasses, be set off from b to /, from b to m, from b to 
&c, and if the lines p/, pm, p?z, ' o, &c, be then drawn, 
the dial will ho nearly conipleti j ; as nothing will be 
necessary but to rnaik the point d with xn, because vd is 
the meridian of the place A; arid to mark the other hour- 
points with the numbers which belong to them, as seen in 
the figure. ' 

To avoid the trouble of tracing out more hour-lines 
than are riecessary, it will be [iroper fiist to determine at 
what hour the sun rises and sets on the given plane, at the 
time of the longest day ; which may be easily done by 
means of the following consideration. 

It may be readily seen that if we suppose two parallel 
planes, in two different places of tlie earth, the sun will 
begin to illuminate both of them at the same moment; and 
that he will also set to both at the same time. The plane 
of the dial in question, being parallel to the horizontal 
plane of a place which has 40® of north latitude, nothing 
is necessary but to know at what hour the sun will rise in 
regard to that plane on the longest day. But it will be 
found, that in the latitude of 40*" J5' the longest day is 15 
hours 24 minutes, or that the sun rises on that day 7 hours 
42 minutes before noon, and sets at 42 minutes past 1 in 
the evening. It will be sufficient then, oti the dial in 
question, to make the first hour-line in the morning that of. 
4 hours 15 minutes, and the last in the evening 7 hours 
so minutes. 
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therefore, we shall only obsefre, that Q|LVig«ltiat) DjiAy^ 
consideted under two poinlis of vtOvr. A^ox^iog io 
first, It IS a science wlbich depends on asfrotiQtsy^ndlfeOo 
graphy: cousideied lo this tnadoer U ia called pUci^tl^, 
tivhich is the art of determining the course that ought tO 
be pursued in order to go from one place to anothetr^, and 
of knowing at all times tlut p&int of the earth at which a 
ship has arrived. According to the other, it^fs an arti 
founded on mechanics and the moving powers of the ves* 
sell considered under this point of view, it is called mao' 
noeuvnng, and teaches how to gi • to tlut ponderous mass, 
wbicii cleaves the billows, the iie< cssary direction by ommuis 
of the sails and the rudder. * 

We shall here present the reader witli every thing Ittost 
carious in both these parts of navigation. , 

pnoantsi I. 

(y the nine which a vesiet denribes mt the sitrfaie of ike 
sea, whai Jie saih on the same point of the compass. 

When a ship is about to set sail, it is peci ssarj tp ftnd 
out the pioper coiiise; that is, lo determine the direction 
iq winch she ought to proceed, in ordci to arrive, in the 
shortest time and with the gieatest safcti, at the place of 
her destination. When this direction, or the angle it (ormf 
with the meiidian, has been determined, it is alwayaptu^ 
sued, unless pat ticular circumstances prevent it. A 
by thus steeling ior scveial days, on the same point of 
compass, describes a line which alwaysforms thesame angle 
with the meridians : this is wh^t is calicd t))e loxodromip 
line, or oblique course ; and thdr^ tl^cc results on t^e 
surface of the earth a peculiar ourvl!) the nature and pro» 
pertics of which hare excited the attention of mathmAatU 
cians. On these properties the practical rules of oa^^a* 
tion have been founded ; and, as they are very rei^i^lpibkr 
they deserve to be explained. 

We presume tlut the reader is acgiiaihted^wi^t^ejllff* 
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ttrre of tbe oompass, ttie different points, &C} and with 
the elements of navigation; for it impossible thtit we 
ilfMd here enter into details merely elementary. 

* tM us suppose that the lector acb, pi. I fig. 1, repre- 
sents a portion of the sphcrksal surface ol the earthy of 
which c is the pole, and ab the equator, or only the arc 
Of a parallel comprehended between two meridians, as AC 
and Bc ; and that CD, tE, and cr, represent so many me-" 
ridional arcs, very near to each other. 

Let a vessel Vie (mrt from the point a of the arc ab, the 
meildian of \^hich is ac , and piocced on a course fotming 
w^ith that meildian the angle cAii, less than a right angle, 
for example an angle oi 60 dcgiccs; the vessel will dc- 
«nHbc the line All, by which means she uill always change 
her meridian. When slie arrives at ii, under the meridian 
CD, let her continue in the same course, making w ith the 
mendian the angle cm, equal to the formei ; and so on,» 
desciibing the lines ah, hi, ik, &c, alwajs making the 
$ame angle (60®) with the mend laiis ca, cii, ci, ck, 

As her course \% continually inclined to tin meridian at an 
angle of 60 d( grees, it may be readily seen that the line 
AHiK, will not be the arc of a great circle on the surface 
of the sphere, lor it is demonstrated in spherics, that if 
, A1BK were a circle of this kind, the angle r m uould be 
ij^ekter than cAUf end CXK greater than cm, and so on. 

^ The case would be the same if the curve ahik \seic an 
arc of cl lesser circle of the sphere ; hence there js leason 
to conclude, that the curve described l»y a ship, ^\lltn she 
always proceeds on the" same courst*, is a peculiar t urve, 
which constantly approaeKbs the pole. 

KlSMAtiiCs.— L is here 'evident, that \^llen the lo\o- 
dt(imk angle vanishes; that 1% when the vessel steers di- 
rhetly north or south, the loxodromic line is an arc of itic 
Iheridiati. 

Bnt, if the angle be a nght angle, and if the vessel be 
Ki^r the equator, she will describe an arc of the equator. 
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In the last place, if out of the equator, she will descriWa' 
parallel. ' ^ ^ 

II. If the loxodromic line AKi, be divided into senK^H} ^ 
parts, so small that they maf be considered as straight 
lines, and if as many parallels or circles of latitude be 
made to pass through the points of division h, i, k, 6 tc, 
all these circles will be equal and equally distant front 
each other 5 so that, by making meridional arcs to pas# 
through the same points of dividon, the portions of these 
meridians, such as oh, nk, &.c, will be equal, as well 
as the corresponding arcs. ai>, Wm in, Sec. This equality 
however will not be in degrees, but in miles, as tnay be 
easily demonstrated; for the triangles adit, hmi, ink, 
&c, are evidently similar, because the hypothenuses, a N, 
HI, IK, &c, being equal in length, the other sides will ht 
respectively equal also. On the other hand, it is evident 
4bat li AD, which is part of a great circle, be equal in 
length, or in miles, to hm, which is part of a lesser cirde, 
the latter must contain a greater number of minutes or dc*^ 
grees than the former. ' ‘ 

IlL When a very small portion the loxodromic line, 
such as AH, luis been passed over, always pursuing the 
same course, on the vessers arrival at h, if the difference 
of latitude, or the arc »h, be detertnirtod by observAtioo; 
it will be easy to find the distance sailed AN ; sirVlc^ ON wf 
to AH, as the sine of the angle had^ which is known, 
radius. If the angle cah, for example, be $0 degreitN,’ 
and consequently had 30 degre<p»; and if dh be equal 10 
half a degree, or 30 nautical distance Aft will be 

60 nautical miles; for the degrees is exactly 

equal to half the radius. ^ ' 

IV. If the course and distance be the dij[^ 

ference of latitude may be found in like manner. 

V. The loxodromic angle cah, or had, being 'kno#rtj^ 
as well as the difierence ot latitude Dii; tile value of 
arc AN may be found ; for dh ia to ad as the ^inef of 
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angle, HAD is to its cosine. Bnt Miien the length of the 
arc of a parallel, or the number of miles it contains, is 
known, the degrees and miput&s it contains may be deter- 
aiined also, In this matindr, the dilFeruhco of longitude 
produced by the vessel’s chaise of position, while passing 
over the small loxodroniic arc ah, is obtained ; and if tte 
same operation be performed in regard to all the otlier 
small arcs h?«» in, &c, we shall have tlie whole difference 
of longitude, produced by the vessel’s passing over any 
loxodrotmc arc ak. The difficulty of this operation arisea 
from these arcs being dissimilar, thougli equal in length. 
But geometricians have found means to avoid these calou-* 
lations, by ingenious tables or other operations, the exa 
planation of which does not fall within the plan of this 
work. 

VI, This curved line has one property which is very 
singular, that it always approaches the pole without ever 
reaching it. This evkiently follows from the nature of it; 
for if .we suppose it to arrive at the polo, it will intersect 
all the meridians in that point ; consequently, since it 
cuts each meridian un4cr the same angle, it will cut them 
all at the pole under the same inclination, whicti is absurd; 
since they are all inclined in that point to each other. It 
ylll therefore approach the polo more and more, making 

infinite number.of circumvolutioiiS around it, but with- 
out, ever reaching it. Hence* according to mathematical 
r^our, a siup which continually pursues the same course, 
the cardinal pointa iCXCCpfcd, will always approach the 
pole, without ever,avrtV!||;,at it. 

'Vjll. Though line, when it forms an 

acute angle with the meridians, must make an irihnite 
numhiBr.^ circumfelitfiWWv wound the pole before it 
reaches it, its length is libwevcr finite ; for it can he de- 
monstrated, that the length of a loxodromic line, such as 
AKi^ is to the length of the arc of the meridian that indi- 
Cities ‘tbo difference of latitude, as radius to the cosine, or 
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sine complement, of the angle which the loxodromic line 
forms with the meridian; consequently the difference of 
latitude is to the loxodromic distance sailed, as the cosine 
of the above angle is to radius. 

The above rcinavk is principally intended for geome- 
tricians; and exhibits a kind of paradox which must 
astonish those to whom truths of this kind are not familiar: 
those, ^lo\vever, who comprehend the preceding demon- 
strations, can entertain no doubt of it. But, for the sake 
of farther illustration, let us sup])ose a loxodromic line 
inclined to the meridian at an a» le of 60 degrees, with 
its infinite circumvolutions around the pole ; if we employ 
the following proportion, As th(‘ cosine of 60 degrees, or 
the sine of 30"^, is to radius; so is 90 degrees difference of 
latitude to a fourth term, this fourth term will be the ab$o- 
lute length of the loxodromic line. But the sine of 30 
degrees is equal to half the radius;^ and hence it follows 
that the fourth part of the circle is the half of the above 
loxodromic line; or this line, notwithstanding the infinite 
number of its circumvolutions, is exactly equal to a semi- 
circle of the splicre. 

^ PROBLEM II. 

Um a Vessel may sail against the JVmd. 

V 

What is here proposed, will no doubt seem a paradoj^-i 
to those unanpiainted with the principles of mechanics. 
Nothing hon ever is more common in navigation, as t}>is is 
always done when a vessel, according to the nautical term, 
is beating up on different tacks, or Keeping near to the 
wind as possible. But when we saj a yessel can sail against 
the wind, we do not mean tbatal)^ can proceed on a CQurse 
directly opposite to the point fcpin whieh the wiiid hibiiya; 
it is only by making an acute angle with the rhumb line 
passing through that point, which is suiHciteotV for.by 
several tacks she can then advance in a direction contrary 
to t'lat of the wind. 
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IM GS suppose a vessel, pi 1 fig. tlic keel of which is 
ABy and let one of the sails on be set in such a martner, as 
to form with the keel an angle uep of 40 degrees: if the 
direction of the ind be bf, making with the siime ke<d an 
atJ^le of do degrees, for example, it is evident that the 
angle off will be 120 degrees; consequently tlie sail will 
be impelled by a wind falling on it at an angle of 30 
degrees. But according to the principles of mechanics, 
the action of a power foiling obliquely on any surface, isf 
exercised in a direction perpendicular to that surface, and 
therefore if za be drawn perpendicular to cn, the line EO 
will be the direction according to which the effort of the 
wind is exercised on the sail cn, but with a diminished 
force on account of the obliquity of the stroke. ' 

If the vessel were round, it w^ould proceed in that di- 
rection ; but as, in consequence of its length, it can more 
with much greater facility in the directioii of its keel Kii, 
than according to any other, it will assume a direction ek, 
sotnewhere betw^een eg and Kti, but much ntjurcr to the 
latter than to the form^jr, almost in the ratu) of its facility 
to move according to eh and kg. The angk kkf there- 
fore, which the ship's course forms with the direction of 
the wind, may be an acute angle. If the angle keh, for 
example, be 10 degrees, the angle k will be 70 J degrees, 
^fonscquently the vessel will he almost two points nearer 
to the wind. But it is showm by exjicricncc, that a vessel 
iiuiy'be made to go on a course still nearer to the direction 
of tljiie wind, or to lie clos^ to it by about one point more ; 
for if the vessel be well constructed, there are 22, of the 
32 points ooraprebended in the compass, which may serve 
Ser proceed to tlie same place. 

true, tliat the hearer a ship lies to the ivind, 
or Wspeak in common terths, t!ie siiai per the angle of the 
wihd‘s ineklefice on the sail, the kss will be its force to 
p&A the \ 5 e 8 £»el forwards; but this i> compenwited by the 
quantity of sail that mav be set, lor in this case nOne of 
, tOl. 1)1. 
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all her sails. Wbat therefore is lost In consequence of the 
weakness of the force exerted on eacbj^ is gained by the 
quantity of surface exposed to the wind. 

It inay be easil}' conceived how advantageous this 
property of vtsscls is to navigation; for whatever he the 
wiadt It in 9 ,y be employed to convey a ship to aqy deter- 
opnate pla^e, even if it should blow directly from, that 
quarter. For let us suppose, pi. 1 Ag. 3, that the direct 
course is from e to f, and that ^ wind blows in the. di- 
rection FS ; the vessel must be Kept as near the wind as 
possible, to describe the line eo, making with xf the aeute 
angle fbo ; having proceeded some time in the direction 
BO, the vessel must then tack about, to run down oim 
then HI ; then ik ; and so on y by which means she will 
always approach nearer to the place of her destination. 

PKOBLEM III. 

Of the force of the Rudder, and the manner in which U acts. 

The force, by which the rudde^^ of a ship makes her 
move in any direction, at pleasure, excites no small degree 
of astonishment; especially when we consider the weak 
action of the enormous rudders with which some of the 
barges that navigate our rivers and canals are furpis^^.' 
The cause of this phenomenon we shall here endeavour tq 
mplain and illustrate. , , 

The rudder of a barge or vessel has no action unless 
hnpelled by the W'nter. It is the force resulting frp(D .|tlHs 
impulse, whi^h being applied, in a directioa transversal fq 
the poop, tends to make the yessel turn atouud a,P 9 h^.)i^ 
its mas^ called the spontaneous centre of rota#^ ■ 
prow of the vessel describes around this point 
tnicle, in a direction opposite to that described .by ^ 
^poopt hence it follows that the prow, of the vesM luras 
towards that side, to which the rudder is 
^uently opposite to that side towaids wbuih th&’ 
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oir i«Ter of the tudder is moved. Hence, whed the tUlet 
iis moved to the stiirboard side, the vessel tui*ns towards 
tbe larboard, and vice t}€rsd, 

A force, and even a certain degree of intensit)^, 
therefore be applied to the rudder to make the veSset'tui(^j| 
and oh this account the consti*uction of the vessel f» so' 
contrived, as to increase this force as much tts poisibtO^ 
for while the barges which navigate our rivers arcln gene- 
ral very broad behind, and screen as we may say the 
rodder, so that the water flowing along their sides can 
scarcely touch it, the sterns of vessels intended for sea are 
made narrow and slender, so that tlie water flowing along' 
their sides must necessarily strike against the rudder, if in 
the least moved from the direction of the keel* Let tis 
tlnerefore endeavour to estimate nearly the force which 
results from this impulse. 

A vessel of 900 tons, when fully laden, draws 13 or 14 
fe^ of water, and its rudder is about 2 feet in brei^lth, 
Let us now suppose that the vessel moves with the velocity 
of 2 leagues per hour, which makes 176 5 >^ards per minute, 
or al>Out 9 f^ct per second; if the rudder bc‘ turned in 
sUefa a manner as to make with the keel coiitinue(f an 
angle of 30 degrees, the water flowing along the sides of 
^ VCiisel will impel the rudder und^T the same angle, that 
H SO degrees. The part of tlic rudder under water being 
44 feet in length and 2 in breadtii, presents a surface of ^6 
squaVe fcct, impelled at an angle of 30 degrees, by a body 
of water flowing with the velocity of 9 feet per second. 
But thi^ icHou of such a current, if it impetled a similar 
^rfaCt^in a perpendicular direction, Avould be 2205 pounds, 
Which riinst be reduced in the ratio of the square of the 
jiilis cfmiJdbnce to that of radius, or in the ratio ^ tp 1, 
isfeme the sine^of 30 degrees is J, radius being 1. The 
effbrt therefore of the water will be 551 pounds. Such u 
iShe force exercised perpendicularly on the rudder; and to 
thi quantity of this force that actb in a direction per- 

X 2 
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pendiciilar to the keel, and which makes the vessel turn, 
nothing is necessary but to multiply the preceding effort 
by the cosine of the angle of inclination of the rudder to 
the keel, which in this case is or 0’866, which will give 
477 pounds. ^ 

The above computation is made on the old supposition, 
tliat the force of the water is diminished in proportion as 
the j^uare of the sine of the incident angle is less than the 
square of the radius. But, by more accurate experiments 
it is found (Dr. Hutton’s Math, and Philos. Dictionary, 
Tab. 3, Resistance), that at an aOijle of 30 degrees, the ab- 
solute force is diminished only in the ratio of 840 to S78 ; 
hence then, the whole force 2205 pounds, reduced in this 
ratio, comes out 730 pounds, for the effective or perpen- 
dicular force on the rudder, to turn it or indeed the ship 
about, supposing the rudder held or fixed firm in that 
position. 

But there is one cause which renders this effort more 
considerable : the water which flows along the sides of the 
vessel does not move in a direction parallel to the keel, but 
nearly parallel to the sides themselves, which terminate in 
a sort of angle at the stern-post, or piece of timbeV which 
supports the hinges of the rudder ; so that this water bears 
more directly on the rudder by an angle of about 30 (^0- 
grees ; hence, in the above case, the angle under which the 
water impels the rudder will be nearly 60 degrees: MTi 
must therefore make this prt)j)ortion, as the square of raiiius 
the square of the sine of 60 degrees, or as 1 is to ; 
so is 2205 to 1653. The force therefore whi6h acts iiT a 
direction perpendicular to the keel, is 1653 pounds. Ori 
by the table in the dictionary above quoted, as 840 & to 
723 (for 60»), so is 2205 to 1913 pounds, the perperiAidular 
force. ^ - t* 

This effort will no doubt appear very Ihconsidef’able 
when compared with the effect it produces, which fs to 
turn a mass of 900 tons ; but it must be observed that this 
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effort is applied at a very great distance from the point of 
rbtation and from the vessel’s centre of gravitj^; for this 
centre is a little beyond the middle of the vessel towards 
the prow, as the anterior part swells out, while the posterior 
tapers towards the lower woiks in order that the action 
of the rudder may not be interrupted. On the other 
band, it can be shown that wdiat is called the spontaneous 
centre of rotation, the point round w hicli the vessel turns, 
is also a little beyond the middle and towards the pAw^; 
hence it. folIow^s, that the effort applied at the extremity 
of the keel, towards the stern, acts to move tlie vessel’s 
centre of gravity, by an arm of a lever 12 or 15 times as 
long as that by which this centre of gravity, where the 
■Aeight of the vessel is supposed to be united, exerts its 
^tion. And lastly, there is no comparison between the 
action exercised by this weight wiien floating in water, 
and that which it ivould exert if it were required to raise 
It only one line. It needs thereiore excite no surprise, 
that the weight of one ton, applied with thi<i advantage, 
should make the vessel’s centre of gravity revolve around 
its centre of rotation. 

If the ship, instead of going at the rate of 9 leagues pet 
hour, sails at the rate of 3, the force applied to the rudder 
will be to that applied in the former case, in the ratio of 
9 to 4 ; consequently, if the posituin of the rudder be as 
above supposed, the actual force will be S719 pounds, or 
ratber 4304 pounds; if the velocity of the vessel were 4 
leagues per hour, this force in the same position Of the 
rudder, would be 4 tunes as much as at first, or 6613 
pjiimuds/ Of rather 1652 pounds. 

Henjpe it is evident why a vessel, when moving with 
ra^dUy^ n^ore sensible to the action of the helm; for 
when the Velocity is double, the action i.s quadrupled ; this 
action then follows the square or duplicate ratio of the 
velocity. * 
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What angle ought iJke rudder to make in order to turn the 
vessel with the greatest force ? 

If the water moves in a direction parallel to the keel 
when it impels the rudder, it will be found that this angle 
ought to be 54 degrees 44 minutes ; but, as already ob-* 
served, the water is carried along in an angular manner 
tougirds the direction of the keel continued ; which renders 
the problem more difficult. If we suppose this angle to 
he 15 degrees, which Bouguer co> -iders as near the truth, 
it will be found that the angle in i^uestion ought to be 46 
degrees 40 minutes. 

Ships do not receive the whole benefit of this force ; fo|r 
the length of the tiller does not permit the helm to forcu 
with tbe keel an angle of more than 30 degrees. 

PROBLEM V. 

Can a vessel acquire a velocity equal to^ or greater than that 
of the wind? 

This can neveV take place in a direct course, or when 
the ship sails before the wind ; for besides that in this case 
a part of the sails hurt or intercept the rest, it is evident 
that if the vessel should by any means acquire a velocitj^ 
equal to that of the wind, it would no longer receive from 
it any implusc ; its velocity then would begin to slacken 
in consequence of the resistance of the water, until thc wiiMl 
should make an impression on the sails equal to that f^St- 
a/itce, and then the vessel would continue to move In a 
uniform manner, without any acceleration, with a vehidiy 
less than that of the wind, ^ 

But, when the course of the vessel is in 
oblique to that of the wind, this is not the case. 
may be its velocity, the sail is then contindafly receiving 
on impulse ftom the wind, which still approaches ^ori^lo 
equality^ as the course approaches a direbtioti' 
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dicillar to that of the wiinl: therefore, however fast the 
vessel advances, it may continaally receive from the wind 
a new impulse to motion, capable of increasing its velocity 
to a degree superior to that even of the wind itself* 

But for this purpose it is necessary that the construction 
of the vessel should be of such a nature, that, with the 
same quantity of sail, it can assume a velocity equal to ^ 
or |. that of the wind. This ts not impossible, if atl the 
canvas which a vessel can spread to the wind, in ah oblique 
course, were exposed in one sail in a direct course. This 
then being supposed, Bougucr shows, that if the sails be 
set in such a manner, as to make with the keel an angle of 
about 15 degrees, and if the\ receive the wind in a perpen* 
dicular direction, the vcissel will continually acquire a new 
acceleration, in the direction of the keel, until her velocity 
be superior to that of the wind, and that in the ratio of 
about 4 to 3. 

It IS indeed true, that, as the masts of vessels are placed 
at present, it is not possible that the yards can form With 
the keel an angle less than 40 degrees ; but some navigators 
assert, that by means ot a small change this angle might 
be reduced to 30 degrees. In this case, and supposing 
that the vessel could acquire in the direct line a vei^ity 
equal to that of the wind, the velocity which it would 
acquire by receiving the wind on the sails at right angles, 
might extend to r034 that of the wind, which is a little 
more than unity, and therefore somewhat more than the 
velocity of the wmd« 

If we suppose the same velocity possible in the direct 
eou^, and that the sail forms with the keel an angle of 
40 degrees, it will be found that the velocity acquired by 
dnOi yessel in an oblique course, will be nearly the 
velocity of the wind. 

Tbia at least will be the case, if in this position of the 
sailas m tg the wind, they do not hurt or obatruct 
ptbor» If all these circumstances therefore be com** 
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bine^^it appears that though it is possible^ speaLiug matbe* 
matically, that a vessel can move with the isuine velocity 
as the wind, or even with a gi eater, it will be very difficult 
to produce this effect in practice. 

PROiai-M M, 

Given the direction of the unnd^ and the course tvhivh a vessel 
must pursue in order to reach a proposed place ; what 
position qf the sails will be most advantageous for that 
purpose ? 

Let us suppose that the wind b wfe from the north, afid 
that the ship’s course is due east. If the ship, when her 
head is directed to tliat point, hav her yards parallel to the 
keel, her progress will be = O; as she receive no 
impulse but in a direction perpendicular to the keel. On 
the other band, if the yards be perpendicular to the keel, 
as the sails will not catch the wind, the vessel in this case 
agam will not move. ^1nis, from the first position to the 
latter, the impulse in the direction of the keel, and conse- 
quently the velocity, goes on first increasing, and then 
decreasing. There is sonic position therefore at which this 
impulse is strongest, or what is called a maximum^ and 
which^4vill make the vessel move with the greatest velocity, 
Tlie'^qucstiou is to determine it. 

Geometricians have solved the problem, and have found, 
that to determine this angle, that between the wind and 
the proposed course must be divided in such a manner, 
that the tangent of the apparent angle, which the wind 
formiit with the yard, shall be double to that which the yard 
forms with the course, or with the keel. In thisi case 
therefore, the sail at first must be placed in such a fdtua- 
tion, as to make with the keel an angle of 35 degrees 
minutes, and consequently with the wind an angte 
degrees 4^ minutes. , 

We say the sail at first must be set in|bis mimnerjjfor 
as soon as the vessel has acquired a greater 
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c^«e to bo the most favourabte, add will beconio 
iess'st)^ tf)e more the velocity is accelerated, as must be 
the case, till the impulse of die wind be in eejuiltbrio with 
the resistance which the vc-^scl suilirs from the water; but 
in proportion as the velocity is acceleraUMl, the wind strikes 
the sail more obliquely, and loses itj> force : for this reason, 
this sail must be disposed in such a maimer, as to form with 
the keel an angle alwavs more aente, and this angle may 
be reduced to 30 degrees and less; so that the wind shall 
make with the sail an angle of GO degrets and more. 

We have here considered the question irulc|>endently <jf 
lee-way; but if this he taken into account, supposing it 
for example in the present case to be one point, it will be 
necessary to make the vessels head lie a point nearer to 
the wind: the angle then which tlu‘ wind forms with the 
course will be from 78 to 79 dcgiees ; and ii will fie found 
that on the outset, the angle formed by the wind and the 
sail ought to he 48^ 45'; and that ol the yind with ilie keel 
29® 45', which must gradually he reduced to 24 or 25 de- 
grees, By then steering wnw * w, the v(‘ssel will really 
proceed East with the greatest veloeitv |)()s.*.ible, or nearly 
so; and as in the neighbourhood of tlihse |>,nnts which 
give a majtimum, the jn*ogrcf»sive increase is tnserilifble, 
this greatest velocity will alwMys he nearly obtained, even 
when the above angles are not vcr> 'exact. 

rROBLRM Ml. 

what manner must a vessel at sea be dirveiedy so as to 
proceed from any given place to another by the shortest 
coui^se possible? 

As the loxodromic line, which navigators generally 
follow at sea, is not tliO shortest way from one place to 
afiotlt^, it is natural to ask whether there he not some 
means by w^hich the shortest course can be pursued ; for it 
is evident, paribus, that the way bemg shorter, the 

ve^a^e would be sooner ended. 
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As thi^ 1 $ po doubt possible, we shall Aam ho^r^it 
ipay be doue, and then examine with what advantage it b 
attendfild. 

Every one knows that the shortest way from one place 
tp another* on the surface of the earth, is the ate of a greaJt 
circle drawn from the one to the other. Nothing tfaeoJia 
neoesaary hut to keep the vessel continually on the arc of 
a great circle, or at least to deviate very little from it. > 

Let us suppose then, that a vessel is bound from London to 
the island of Trinidad. It will be found by trigonometrical 
calculation, that the arc of a gre ^t circle drawn from Lon- 
don to Trinidad, makes at Lorulon with the meridian^ an 
angle of 69® 44', and at Trinidad of 37® 30' ; while that of 
the loxodromic line with the meridian is at London 30® 40^ 
The angle formed by the course with the meridian, at the 
time of departure, ought therefore to be 69® 44'. 

But to keep the vessel in this great circle, it will be 
necessary to change the angle every day; and strictly 
speaking every hour and every moment, otherwise the 
vessel will describe small loxodromic lines, and not the 
arc of a great circle. The following method, which, if 
not perfectly exact, approaches very near the truth, may 
be^^IPployed to efiect this change. 

As Ihc angle at Trinidad is 37® 30% it may be easily 
that from the time of the vessers departure, till that of her 
arrival at the place of destination, the angle of tfaeooacse 
must be gradually diminished, from 69® 44' to 37* 8p% 
Let us divide the difference, which is 32® 14', into 
portions, which will each be 3* 13'. Every time tjben Ishat 
the difference of longitude is one tenth of the wboje^^r 
about 5® 37% tliat is wlien the vessel has made about ji 11 
losses of departure towards the west, it willhe iie(;essm!y 
to keep 3® 13' more to the south. By these iteahs ;tb9 
vessel will be kept nearly on the arc of a great ctlide, 
paBsing through London and Trinidad, 

These angles might be more exactly determined by 



JEST-FtJBM OPTHT SHIP. 


9)5 


nattw <rf' trigfonbmetry ; that is by draining a meridian at 
idiottt every ibdegrees of loag^nde, and successively soMng 
the spherical triangles thence resulting ; but we confess thht 
we never bad the courage to attempt a calculation so tkse> 
lesa; , > FVir, we examine what advantage would arise ftnai 
tlds<operation, it will be found of very little importance. 
The distance from Plymouth'to Trinidad, measured 6 r 4 
great circle drawn from the one to the other, is about 
ISlfit leagues; and if tlie loxodromic line drawn from the 
one totbe other be measured, it will be found to be about 
iS54.i it is therefore not worth while to seek for the 
risoftest course to save about 4-0 leagues; especially as in 
sea V 03 rage 3 , tlie principal object is not to pursue .the 
shortest route, but to take advantage of ilie wind wbat-^ 
ever it may be, in order to coin{>lcte the voyage. 

/ 

PROBLEM VUI. 

Whai is the most advantageous form of construction for the 
prou) of a vessel, in order that she may sail heUer, or he 
^sier steered? 

If one only of these objects were to be attained, that for 
example of cleaving the water with tlie greatest fkjjl^y, 
the problem might be easily solved. The sliarper a Vessel 
is Utifoe prow, the easier she can oa the water, and con. 
foqueatly will be better calculated for moving with 
ritpidity. 

' .rButan object still mwe important than velocity, is that 
of being easily worked : wlthodt this property, a veMel, 
Hlfo'.U refractory horse, would render useless the whole art 
foe navigator. But it is shown both by experience and 
i)WSon,>'that'^ vessel, to be manageable, must be narrow 
tollurdatbe stem in the part immersed, in order that the 
wdter* which runs along her sides may strike the rudder 
with BHJre facility. Sie will also be managed with more 
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f asc, the farther the centre of gravity is from the stern ; 
and for this reason the most obtuse and the widest part of 
the vessel musjtlve towards the head. This is actually the 
case in regard to all vessels destined for voyages. 

Nature, in regard to this point, seems to have provided 
man with a model in the form of fishes 5 for it may be 
readily seen that the tliickest part of the fish is towairds 
the head, which in general is even pretty obtuse. Like 
our ships, they have much more need of being able to 
turn and direct themselves with ease, than to move with 
rapidity. The best vessel pet ups would be that con- 
structed according to the exact dimensions of a migrating 
fish, such as the salmon; w^hich seems to enjoy, in a 
greater degree than any other, the two properties of 
moving quick and directing itself with ease. ^ 

M. Camus, a gentleman of Lorraine, gives an account, 
in his Mechanics, of several experiments, from which he 
endeavours to show, that the model of a vessel will move 
faster with the thick end foremost, than when cleaving 


the waves with the olhci, which is sharper: he even a»- 
signs icasons for this idea, but they are certainly ill 
founcl^d. Those experiments arc in absolute contradic- 
tioj^li)^ sound theory ; and if ships have that form, it is 
not that they may move faster, but in consequence of 
the necessity which has been found, of sacrificing ttie 


advantage of velocity to that of being easily manoeuvred* 


M. Montiicla here, rather injudiciously, opposes theory 
to experiment, and ccnsuies Camus improperly, w^bose 
eitp^riments and reasonings have been confirmed by the 


more accurate and extensive ones made, in the years 


1793-1798, by the English Society for the improvement 
of Naval Architecture, and may be seen at large ill fhe 
Report of their Committee, printed in the year 1800* , ^ , 
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PROBLEM IX. 

Wfutt is the most expeditious method of mimng up with a 
vessel which is chased^ and which is to the leeward^P 

When a vessel is clcbcricd at sea, and you are desirous, 
of coming up with her, you would be much mistaKcn if 
you (Jircctecl the head of your own vessel towards the one 
you are pursuing ; for unless the chace were proceeding 
on the same courvse exactly, you would either be obliged to 
change your direction every moment, or you would lose 
the advantage of the wind by falling to the lee^va^d. 

If a body ti, pi. 1 fig. 4, moves in the line abed^ and if 
it be proposed that anotlicr body a should come up with 
it, the body a ought not to be impelled in the direction 
ka; for in a few moments a will have advanced on the 
line in which it moves, and will luac reached the point 4, 
for example. Hence if we suppose th it the body a always 
changes its course, directing itself towards the one it pur- 
sues, it will describe a curve such as abcdEj a: d will at 
length reach the body a by going faster, but nut by the 
shortest way. If it does not change its direction every 
moment, it will arrive at a point in the line « u, whij^i tlie 
body a has already left, and will pass it, unless it 
to pursue it along the line ad^ which would still make it 
lose time. 

'To cause the body a therefore to come up with a, in the 
lea^t time possible, a must he directed to a point iu the 
line lig. 5, so situated, that 4 ii and ae shall he to each 
other in the ratio of their respective veiocities. But these 
lines will be in this ntio, if the body a, at every moment 
in its course, is that wliich it pursues similarly situated, iu 
a^'^trection parallel to the direction Aa, that is, being 
directid 'to the smith, if the body when it reaches is 
to the south of the body a when it arrives at n v lor it is 
evident that the lines ak, « c, will then be proportional to 
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the velodtiM of the two bociiesi and they wiil hrriye at tfee 
same time at e. - ' 

Navigatorawe aensiblc of tbia, both from practitie and 
reason ; for if a vessel at a espies another at a, the cdurse 
the latter a e, may be ascertained nearly without much 
difficult}', and the ship in chase, instead of directing her 
head towards a, will follow a course such as ab, inclined 
from 0 , and at the same time the bearing of the vessel in 
the direction Aa will be taken by means of the compass ; 
when A has proceeded some tin'> , and reached b, for ex- 
ample, whiiliidi has re.tched h, me bearing of the vessel a 
ill the direction bA will be again taken : if it be still the 
same, it is a sign that a is gaining ground, for a 0 and vb 
are parallel. If the chace falls a little behind, it shows that 
she may be pursued in a line making with the direction of 
her course, a less acute angle ; but if she has got a-head, a 
I line more inclined must be pursued to reach her ; and if 
tite line be as much inclined as possible, and approaches to 
parallelism, there is reason to conclude that the cliacb is 
• a better sailer, and that all hope of reaching her must be 
given up. 

here supposed that the chasing vessel has the a£> 
valnge, or is to windward ; for if she be to leeWard, the 
“ manoeuvring must be different, unless she has a great ad- 
vantage in being able to lie near the wind. But this not 
the proper place for enlarging on these manoeuvres Of ttte 
most ingenious of all arts. ^ 

, PBOBLBM X. 

On determmng the Longitude at Sea. 

The determination of the longitudO at sea, has 
no less exercise to mathematicians, than iho perpetutd mo- 
tion, the quadrature of the circle, and tbeduplieatioa of the 
cube, but with more reason ; for great advantage wbuld ^ 

be derived from a solution of die'two hitter, 'whereas that 
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of the former would be attended with the great^t benefit, 
to navigation. Navigators might at all when jthe 

hoavenaare visiblei determine the place at wpi^h they have 
arrived^ by observing the longitude and latitude ; tvbilein 
tbfi present state of navigation the longitude can be 
mated only in a very vague manner ; and nothing is moth ^ 
comjpapO) in long voyages from eiist to west, or tbe» con« 
ti'swy, jt^n for navigators to err a hundred leagues and 
more in their longitude. The British parliament tbere^ 
forei many years ago, offered a reward of 20,0(X)il, to the 
person who should point out a certain method|i|)racticable 
for common navigators^ of determining tlie longitude at 
sea. > 

The problem of the longitude cooMsts in determining 
the difference between the time reckoned in a vessel at 
sea^and that reckoned at any determinate places such as 
the port whence the vessel sailed, and of which the longU 
tude is knowDr But the time may be asceitamed on board 
a vessel without much difficulty, provided the sun can bo 
observed at noon^ and aKo the latitude ; for, by means of 
the instruments now employed at sea, the point of uooii 
cain be determined within about 2 minutes. By 
theJatitude in which the vessel i$,and the sun^Hdechn^iqll, 
tl|e hour can be determined also by t^c setting of the sun* 
The operations relating to this subject may be seen in all 
good\ works on navigation. 

But the difficulty is to find what the hour is, at the same 
tim^ in the port from w^hich the vessel sailed. There are 
however two methods of aecotnplbhmg ilii.'> object, which 
matbematicians have endeavoured to render certain and 
pfEfftiGftble : one of tliem depends on ipecfaanics, the other 
is i^Utwlyastronomicah 

if djeio^ruments constructed for measuring time, pre- 
served at .si^ the same i^ularitv of mouon as at land, it 
woldd be ^y oa board ship to find on every occasion the 
hour at a determinate point. For this purpose, a navigator 
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cm leaving the Lizard, for example, would set his 
keeper to tlv^lj^act hour at that place, Aiul if the time- 
keeper were jlKays regularly wound up, it would cofttifihe 
to Indicate the hour at the Lizard. When it should be re- 
quired then to determine the ship’s longitude, n'othihg 
would be necessary but to observe exactly the time 6f noon, 
and then to examine the hour indicated by the time-piece : 
the dilFerence between these would be the- ^difference bf 
longitude. Tlius, after the end of a fortnight, if the time- 
keeper indicated 2 hours lOrmr ites, when it was noon on 
board the there would be >eason to conclude that the 
difference in time, between the Lizard and the place at 
w’hich the ship had arrived, was 2 hours 10 minutes, which 
arc equal to 32 degrees 30 minutes west from the LizaM : 
then by means of the latitude, found by observation, it 
would be easy to determine exactly the ship’s place on the 
earth. 

But as a pendulum clock cannot be used, and as the best 
watches get entirely deranged at sea, it l>ecomcs necessary 
to discover some method of measuring time not subject to 
this inconvenience ; or to improve the instruments already 
so far as to remove it entirely. ' 

^JpBous inventions, supposed to be less subject to the 
irregularities occasioned by the rolling of a ship at sea', 
have been proposed for tins purpose. It is said, ttr'ldfe 
preceding editions of this work, that nothing is necessary 
but to take a good clock of the common construction, io 
change its large spring for eight others of less force, Which 
together shall exert the same action, to wind them bp ltt 
successive order, that is one every twenty-four hour^, and 
to substitute for the pendulum a spiral spring with 
ment d rochet; in the last place, to preserve 
ment, or several of them, in one or two boxcsfdeposihid 
in some part of the vessel lesssei^leof its motion^ t^mg . 
care to keep the air within thescipbxes at a uhifotrm temw 
peraturc, which uiiglit be easily done by a thermometeri 
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By these means^ says the author, you will l(ave an instru- 
iDent which will indicate the hour at j^^i^xactiy. If an 
apparatus so simple Avere suflicicnt to this problem^ 
it Avould not hare occupied so long the talents of mecha- 
nicians and astronomers. 

Others have ha<l recourse to sand-glasses: the descrip- 
tion of one of these, invented by the abbe Soumille, may 
be seen in the Mhmires adresses d VAcademk Ro\/ale ties 
ScienceSj par dts Sgavans Hrangers^ vol. t. It is ingenious, 
but Ave do not know whether it was ever tried, and Avhether 
it was attended AVith success. 

' Many years of research hoAvcver gave birth, in England, 
to the invention of a marine time-keeper, which has the 
advantage of preserving its uniformity of motion at sea. 
For this invention we arc indebted to Mr. Harrison, who 
proposed it about the year 1737. Though at that time it 
did not appear to possess the te(|uire(l regularity, the 
Board of Longitude conferred a leward ou the author, ta 
encourage him to improve his wotk ; and at length after 
tiMcnty years employed in this labour, and in making vari- 
ous experiments, he again presented it in J758 to the 
Board, who gave orders for trying it in a voyagE^om 
England to Jamaica. This trial was made with every^rc- 
caution and formality necessary tf>^ ascertain the result; 
atul towards the end of the year 1701, it appeared that 
Mr. Harrison’s time-keepcr gave the longitmieol Jamaica 
iplearly within 5 seconds in time. On the return of the 
vessel dispatched for this purpose, the error, notwithstand- 
ing the violent storms experienced during the voyage, 
was only 1 minute 54 seconds in tunc, or about 33 En- 
g)iish railes ; and a reward was adjudged to the author in 
having constructed a machine ivhich in 
such a passage did not err much more than 30 miles. 

Mr. Harrison tlierofofe received 5,0001. sterling as part 
of .the reward of 40,000Jfoflered by the British parliament, 
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which was to be paid to him after a new experiment, and 
on his making kigsiwn the meclianism of his time-^keeper,' 
and teaching attists how to construct others of the Mke 
kind. This second trial was made in n65, in a voyage 
from Portsmouth to Tiaibadoes, and the result of it having, 
confirmed the success of the former, Mr. Harrison received 
5OO01. more. He was to be paid the remainder when he 
had taught a certain number of artists to construct such 
machines, for the use of navigators. A full account of this 
interesting discovery, and a dcscpption of the mechanic 
invented by lV|r. Harrison, may b seen in various pamph« 
lets, and other works, published on the subject* Naviga- 
tion however is indebted to England for a certain method 
of knowing at sea the time at the port of departure; which 
is an inestimable advantage, and will certainly be the means 
of preserving many navigators from shipwreck. 

Mr. Harrison’s invention liaving been long kept a secret, 
the French watchmakers, who had already made many at- 
tempts to solve the problem, redoubled their efforts to dis- 
cover it, or to lind out some means of the same kind. In 
order to encourage them, the Academy of Sciences at 
length,, proposed, in the years 1767 and 1773, a prize for 
the ^^^struction of a time-keeper similar to that of Mr. 
Harrison. This prize was gained by M. le Roy ; son of 
the celebrated Julian Ic Roy, who showed that he bad long 
belore that time discovered the principle of the compensa- 
tion balance, necessary for constructing his time-keeper.. 
It was jiartly for the purpose of trying it that tbe Mat^quia 
de Courtanveaux caused to be built and fitted out, at hia 
own ex[)ence, the Aurora frigate, in which he made a 
age to the Texel in the year lt67. During tins voyage^ 
M. le Roy’s time-keeper always went with the greatOist re- 
gularity, notwithstanding the violent agitation which tlie 
vessel continually experienced, in a sea where a heavy 
swell generally prevails 5 and the^fore, though the merit 
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of the discovery must be allowed to Mr. Harrison and to 
Engiand, we may say that France had n^riy fallen upon 
it at tb^ same time« 

We must here observe that tliere is another French 
artist^ who has followed so closely the stops of Mr. Harri- 
son, that be disputes Avith M. le R(\v the honour of having 
made the first tnne-kceper in France: theaitisl hero al- 
luded to IS M. Berthoud, whose tinie-keepcrs, tried during 
the long voyage of M. dc FIcurieu, seem also to liave an- 
swered all the required conditions. 

We have already mentioned another mctbi^of consider- 
ing the problem of the longitude, whicli is merely astro- 
nonucai. It is therefore necessary that we bhould make 
known what astronomers have done in this respect. 

When Galileo discovered the satellites of .lupitcr, the 
eclipses of which are so frequent, he conceived an idea of 
employing them in the holution of tlie prohlcm rc^-pccting 
the longitude. It is indeed evident, that if the theory of 
the satellites of Jupiter he brought to sufficient perfection, 
to determine for any given place, such as London, the mo- 
ment when they will be eclipsed, and if an cdipse of one 
of these small planets be observed at sea, togetner vir^th the 
exact time when it is seen, nothing will be nccessai^Jjut 
to compare that time with the hour and minute at which 
it ha$ been previously announced for the meridian of Lon- 
don; the difference of time will give the difference nf lon- 
gitude. Thus tor example, if an eclipse of the first satel- 
lite has been observed at 20’‘' in tne evening ; and if 
it is found, by consulting tin* Nauttcal Jhmnac^ that the 
eclipse is announced for Greenwich observatory at 11^ 56® 
in the evening ; it is evident that the difference 35®, is 
tbevch^fifenence of time, as reckoned at Greenwich and on 
board tbe vessel ; which makes 23® 4-5' difibrence in longi- 
tude. 

•Saverai obstacles how^ever prevent this method from 
being much employed ; for, iii the first place, these eclipses 
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do not happen often enough, as there is only one of the 
first satellite every 4^2 hours ; and besides, they are not 
visible during several months, when Jupiter is too near 
the sun, 8ic, 2Jly. To observe them, telescopes of a cer- 
tain length are necessary, and it is well known that the 
rolling of a ship renders it very difficult to observe Jupiter, 
or any celestial body whatever, with a telescope of con- 
siderable length. 

Attempts have indeed been made to remedy this incon- 
venience. Mr. [rwiri, an Irish gentleman, proposed in the 
year 1760, lus marine chair; rl i is to say, a chair sus- 
pended in a vessel in such a manner, that a person seated 
in it can observe, wub tolera!>le case, the satellites of 
Jupiter, especially with an achromatic telescope, which 
will produce the same eiVect as a much longer one con- 
structed in the usual manner. A trial of it was made by 
Older of the Lords of tlie Admiralty, and according to the 
accounU published at that time, it succeeded pretty well ; 
but it would appear that after Mr* Harrison proposed his 
time-kceper, Mr. Irv^in’s marine chair was laid aside. 

It has been known for more than a century, that if the 
theory of the moon were brought to sufficient perfection, 
the problem of the longitude at sea would he solved ; for 
the moment of the moon’s appulse to some of the zodiacal 
stars of the first or second m.ignitude, might be calculated 
for any determinate place. Besides, the motion of the 
moon is so rapid, that her change oJ position, in a short 
time, IS very sensible. On this account, astronomers, for 
several years past, liave employed themselves with great 
assiduity, to improve the theory of the moon ; and they 
have indeed so far succeeded, that the errors in calculat- 
ing the moon’s place, do not exceed 2 or 3 minutes in the 
most unfavourable parts of her orbit ; w^hereas formerly, 
they amounted to several degrees. The British parfe- 
ment thought it necessary, by voting a sum of money to 
the widow and heirs of the late Tobias Meyer, of Gottin- 
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g;en, to reward the successful efforts of that indefatigable 
and able astronomer, to whom we are indebted for the best 
tables of the moon ever published. Thej’' received there- 
fore a present of CoOOl. sterling, and as Euler also had la- 
boured with the greatest success in improving the theory 
of the moon, the parliament voted him the sum of 5001. 
Such examples of justice and generosity towards those 
who have exerted themseU^cs in promoting the general 
good of manlwind, do nations the utmost honour. 

Another necessary step was, to render tlie calculation of 
these observations sufficiently easy for practice, if not to 
all seamen, at least to the more enlightened part of them. 
The Abbe do la Caille is among those who excited them- 
selves with the greatest success in tlie accomplishment of 
this object. He gave formnlje and operations for pcrl’orm- 
ing these calculations, in which a ruler and a pair of 
compasses only arc employed, and which require but a 
moderate knowledge of geometry and astronomy. They 
may be seen m the edition which he published of Bou- 
gner’s Traite de Navigation^ as well as in the Connoissance 
des Tenipbj for the years 17()5 and 1766. A Nautical Al- 
manac, which contains the mooifs appulso to vaiious fixed 
stars, calculated for the meridian of Greenwich, as well as 
the instructions and formula? necessary for employing the 
observations of the moon in determining the. longitude, 
has been published for several years past at London, under 
the direction of Dr. Maskelyne, astronomer-royal. 

Some time ago a new idlttrumcnt, for observing the 
distances of the moon from the fixed stars, was proposed. 
This instrument, to which the inventor, M. Charnieres, an 
officer in the French navy, gave the name of Megajnetre^ 
employed by him to make observations, during a voy- 
age from Europe to America, and in 1768 he published the 
rdtult of them, which seems to prove, that the instrument 
may be useful at sea. We do not find however that it 
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ever inet with a favourable reception from navigators ; n6r 
do wo knoiv the reason. 

PROBLEM XI. 

If a vessel should he able to reach either of the poles^ what 
viethod ought the commander to pursing m order to steer 
tn the direction of a determinate Meridian ^ 

The diflienlty which this problem sterns, on the 6rst 
view, to present, anses from tins circumstance, that if a 
vessel were at either of the pole^ to vvfiichevcr side she 
might turn, her head would be d? <'ctcd towards the south 
or north. Every line drawn from that point, to any point 
whatever m the horizon, is a mciidian ; and conseipiently 
at the pole there is iieiiher east nor west. But. if there is 
ncitlicr east nor west, how would she steer, or bow would 
it be possible, all tlic meridians being similar, to find that 
in the din etion o( winch it would be necessary to proceed, 
in order to leach the pioposcd place? 

This however is not al! : if a vessel should reach one of 
the poles, It Is probable that the compass would become 
useless, or as the sailors say run entire^ mad; and there 
are only two i\ays of navigating a vessel, either by the 
magneiic needle, or by observing tlie stars, or rather by 
both these inetlioJs cumbmed. 

Such IS the preblem, winch the astronomer who accotm 
punied the Hon. C'apt. Phipps, afterwards Lord Mulgrave, 
sent out to attempt a passage througli the northern ocean, 
would have had to solve, lAd tlie expedition succeeded. 
If tlie progn'v'i ol die lesscl had not been slopped by the 
ice, he would liavo proceeded to tlic 90th degree of lati- 
tude, in order to an ivc by the shor test pass^ige al the strait 
which separates Asia from America— a strait, the existence 
of Avlucli is nqy^v confirmed by the expeditions bf the Rus- 
sians, and by the researches of Captain Cook, and whieh 
lies in about the HGth degree of IbDgitud^ ^ I proposed 
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problem to myself, in consequence of a new attempt 
wbicb was about to be undertaken in France, by M. de 
Bougainville. I have hoard that it was proposed to a 
celebrated astronomer, a member of the Academy 
of Sciences : I do not know what answer he returned: but 
my solution IS as follows : 

Had I been the navigator intrusted with the expedition, 
that I might not be taken by surprise, I should have pro- 
vided myself with two or three good tinic-keepcis, all ex- 
actly set to the time at the port of departure, which I sup- 
pose to be Brest. 

Let us now suppose that the sea w’as found open, and 
that I had anived at the north pole. I shall suppose also 
that my compass had become entirely useL‘ss ; but that I 
had the sun on the horizon, xvhich is the case in summer, 
and therefore such an expedition ought never to he under** 
taken but at that period, during winch the sun is visible 
in those regions for several months. It is evident that by 
consulting my time-keepers, the moment wlien they indi- 
cated noon w^ould be tluit when the sun was on the merU 
dian of Brest • consequently ha<l I been desirous of return- 
ing thither, nothing would have been necessary but to turn 
the ship’s head tow'ards the sun, and to steer on that course, 
in such a manner, as to have the sun at the end of an hour 
15 degrees to the starboard j at tlie end of two hours 30 
degrees, &c. It may be readily conceived that by these 
means, though destitute of a compass, I sliould have kept 
my vessel pretty exactly on the line of the determinate 
meridian. 

Now, if the meridian, on which it was necessary I should 
steer, had been distant from that of the place of departure 
n6®, as seems to be the case with tliat of the strait which 
neparates Asia from America, it may be easily seen that I 
s^uld have had nothing to do, but to direef the ship’s head 
within about 4 degrees of the point diametrically opposite 
to the sun, when the tittie-keepers indicated noon ; or to^ 
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midnight, and then to keep on^thia course by the nuethod^ 
abov^ describe ; changing every, hour the angle formed 
by the ship’s course with the azimuth passing through the 
sun. If we suppose th^ uiouth of the strait in question to 
be, ill regard to Brest, in the longitude already mentioned, 
it is evident that I sliould not have failed to enter it* 

But it IS to be observed, tiiat this expedient would bo 
necessary only when very near to the pole : at the distance 
of ten degrees from it, otlicr moans of directing the ship’s 
course might be employed. We .all not however enlarge 
farther on thia subject; for it W Mild be of very little use 
to point out these means, since the latest voyages seem to 
prove that the aictic pole, at the most favourable seasons, 
that is to say during the sumnuT of our liemisphere, is 
surrounded by a covering of ice ten degrees at least in dia- 
meter, and which even cxteiidN farther to\Yards Asia and 
America; or, in all probability, adhines to these two con- 
tinents, except perhaps during some excessively hot sum- 
mers. In shoit, I am fully persuaded that the idea of tra- 
versing the fiozeu ocean, in order to proceed to the seas 
of China and Japan, is a mere clmneia ; and that if a vessel 
should even be able to get tliither, by steering close along 
the shores of Asia or America, to the strait above men- 
tioned, the voyage would be attended with so many dan- 
gers, and requirecircumstances so favourable, that it ivould 
be madness to atteiiijit it. What indeed w ouid become of 
a ship if, retarded bv aii)^ of the accidents so common in 
those seas, she should be obliged to winter, nearly a whole 
year, in any port of tlie almost uninhabited northern coast 
of Asia Wliat assistance could she expect from the Sa- 
moiedc<, or any other of these nations, stiii more bar- 
barous i 11 the crew remained there, how^ could they secure 
themselves frotto the intense cold of these climates? Jf they 
quitted ttu^r vessel, to take up their lodging in a close 
hut, after carrying thither their promious^ wuld not the 
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vessel be exposed to the danger of being plundered or 
burnt? Such an enterprise would require, that tbe com- 
mercial nation which undertook it, sliould haven port be- 
longingtottm some advantageous bituation, that ships 
obliged to winter in those cold legions might have acon*^ 
Tcnient place of shelter. But what appcar.ince is there 
that Russia, the sole unstress of these coiintiics, will ever 
consent to such a measure ; especially as the Russian go- 
pernnaent^ long concealed the information it had obtained 
in regard to the strait above mentioned ? 
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PART NINTH. 

Some curious particulars in regard to Architecture. 

Architfcture m.iy be con<!iclerc(i utiiler two points 
of vicH . Accorij^ng to the tirst it is an art, tlir ob of 
which i& to uwte 'Jllility and ^lace ; to give to an o(Kiic||r 
thiK form fittest! fihr the purpokc tu u liich it is destin|!<)> 
ah<i At thC! «aine tune tlic most agreeable 
tionsj'jl^ l^ike the beholder by maguitiidt^ dr extent, And 
to pleatiO by the harmony of the difieren^ parts and tb^ 
relation to each other : the more an archi^t i>(JceeedA|lf' 
nmting ail these requisites, the more lie wiHbe hntitlied W 
rahk among the eminent men who havcdistiiigttishucl thetdAs 
selves in thts art. m 

But it is not under this point of vidw we beNt%0|l||ii 
sider it : we dial! coufine ooi^elves to the geom^iinical and 
ttechanied part of arebiteetord, at it pres^pts with m- 
veral curioos «od dacf&tl qi]estk>n;t» wifieil ^w|^ ftiall lay 
Wore the 
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PBOBLBM I. .{ 

To <u Tt0e into a Bwn capable of the greatest possible 
^resistance. 

This problem belongs properly to mechanics; but on 
account of its use in architecture, we thought it might be 
proper to give it a place here, and to discuss it both geo- 
metrically and philosophically. We shall first examine it 
tindet the former point of view. 

Galileo, who first undertook to tfpply geometry to the 
resistance of solids, has determ). lod on a very ingenious 
train of reasoning, that when a body is placed horizon- 
tally, and fixed by one of its extremities, as is the case with 
a quadrangular beam projecting from a wall, if a weight 
be suspcMided from the othci extremity, in order to break 
it, the resistance which it apposes is in the compound ratio 
of the horizontal dimension and the square of the vertical 
dimension. But this would be more correctly true, if the 
matter of the bpdy were of a homogeneous and inflexible 
texture. 

It has been shown also, that if a beam is supported at 
both extremities, and if a eight, tending to break it, be 
- suspended from the middle, the resistance it opposes, is in 
the ratio of the product of the breadth and sqUaire of tha 
deptli, divided by half the length. 

To solve Ihefefoic tlie proposed problem, w^e mtist cult 
from the trunk of the tree a beam of such dimensions, that 
the product of the square of the one by the other shitll be 
the greatest possible. 

Let AB then, pi. 1 fig. 1, be the diameter of the circle, 
vrhidi is the section ^of the trunk; the question is, to in- 
scribe in this circle a rectangle, as abbp, of such a nature^ 
that the square of one of its sides ap, multiplied by the 
other sid^ ab, ^ail give the greatest products But it can 
be proved that, for this purpose, We omst «ke, in tha 
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dimeter ab, the part ad equal to a third of it, and raise 
the perpendicular dk, till it ituv^^the circumference in e: 
if BE and ea be then drawn, and akp af arfd pb paiallel 
10 them, we shall have the rectangle aihif, of such a iia« 
ture, tliat the product ^of t1ic square of af bf, will be 
greater than that given by any other rectangle inscribed 
m the Slime circle. If a beam of these dimensions, cut 
from the proposed trunk, be placed in such a manner, thtit 
Its greatest breadth at shall he perpendicular to the hon- 
xon, it wilL present more lesistance tlian any otlier tb^t 
could be cut from the same trunk ; and even than a square 
beam cut from it, though the latter uould contain more 
matter, 

llr.^iAEK — Such V ould h( tiic solution of tins problem, 
]f the ‘>u{)j)f)Htions from winch Galileo deduced Ins princi- 
ples, in regard to the resistance of solids, wert* altogether 
corrett. lie indeed supposes that tin matter of the body 
to be broken is peifectly liomogeiu'ous, or composed of 
parallel fibres, equally distributed around the ..xis, and 
presenting an c(iual rcsist.mca* to luptiire ; but this is not 
entirely the case with a beam cut from the trunk of a tree 
which has been squared. * 

By exaimjuijg the manner ui mIiicIi vegetation take# 
place, it lias been found, that the ligneous coats of a tree, 
formed by its annual growth, are almost concentric ; aud 
that they are like so many hollow cylinders, thrust ioto 
each other, and united by u kind ot medullary subsLancej 
which presents little resistance: it is therefore ihese^ lig^ 
neous cylinders chiefly, and almost wholly, which oppo^ic 
resistance to the force that tends to break them* 

But, what takes place when the trunk of a tree U 
squared, m order that^ it may be convcrt(>cl into a beam? 
It is evident, and it will be rendered more sensible by in- 
specting fig. 2, that all the ligneous tylmders, greater than 
the circle the square, which is tlie section of 

the beam# are cut off on the sides ^ and therefore the 
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whole resistance almost arises from the cylindric trunk Uh 
scribed in the solid part of the beam. The portions of 
the cylindric coats which are towards the angles^ add 
indeed a little strength to that cylinder, for they cannot 
fail of opposing some resistance to the breaking force; 
but it is much le*>s than if the ligneous cylinder were entire. 
In the state in which they arc they oppose only a moderate 
effort to flection, and even to rupture^ For this reason, 
there is no comparison between the strength of a joii>t 
made oi a small tree, and that of another which has been 
sawn, or cut \Mth several other from the same beam or 
block. The latter is generally \v( ak and so liable to break, 
that joists, and other limber of tnis kind, ought to be care- 
fully rejected from all ^^oodcu work which has to support 
any considerable wenght. 

We shall licre add, that those ligneous and concentric 
cylinders are not all of equal stiengtli. The coats nearest 
tlie centre, being the oldest, are also the hardest ; while, 
according to theory, the absolute resistance js supposed to 
be uniform throughout. 

It needs therefore excite no surprise, that experience 
should not entirely coniirm, and even tliat it should some- 
times oppose the result ol theory. Hence wt are under 
considerable obligations to Duliamcl and Buffoii, for having 
subjected the resistance of timber to experiments; as it i$ 
of great importance in Architecture to know the strength 
of the beams employed, in order that larger and more 
timber than is necessary may not be used. 

But notwithstanding what has been said, it is very 
probable that the beam capable of the greatest resistance, 
which can be cut from the trunk of a tree, is not the 
square beam; for the following experiments made by 
Duhamei seem to piove, the size being the same, that the 
beam which has more depth in proportion than breadth^ 
when the depth is placed vertically, presents so much more 
resistance ; and even without deyiatiag very macb from 
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tbo Iftw proposed by Gdhleo, \iz, the compound ratio of 
tbfe square of the vcrlual dimension and that of tlio 
breadth. 

Duharael indeed c<msed to lie broken twenty squam 
bar« of the same volume, to dotenmne what form of dress* 
ing would render iIkmu capable ot the grc<atest resistanco. 
They all bad lOU scjuarc lines of base, and four of each 
sort were employed of the diilcuMU dimensions, to compose 
the same aiea. 

The first four, which were 10 hues in every direction, 
sustained a weij^ht of 131 pounds. 

Four others whuli were 12 lines in one direction and 
in anothei, sustained eacli IH pounds. The above law 
would oive i )! pounds. 

Tlu‘iie\L tour, which wire 14 hues in hei|j;lit and in 
breadth, supported each HM- pounds ( 'a Ic’ illation would 
i’jve 183 ponnd‘>. 

Four more, which were Ifi hues in lieight and G| ui 
breadth, suhtuincd each 180 pounds Accordiuo lo calcu- 
lation they ought to have suppoiicd 209 pounds. 

The last lour, w'hich were is lines in height and 5\ in 
breadth, susiained each 21*3 pounds, (’akuiaciou would 
have givc'^ ^nly ^^33 pounds. It is very singlar that in 
this case calculation should give less than experience; 
while in the other cases the result was contrary, 

Buffon began experiments on a larger scale, in regard 
to the resistance of timber, an account of wdiich may be 
seen in the Memoirs of the Academy of Sciences for the 
year 1741. It is to be legrctted tliat he did not pursue 
tins subject, on which no one could have thrown more 
light. It appears to result from these experiments, that 
the resistance increases less than in the square of the 
vertical dimension, and decreases in a ratio somewhat 
greater than the inverse of the length. 

In short, the result of the whole is, that to solve the 
proposed problem, it would be necessary to have physical 
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data of which we are not yet in possefision ; that tbohMm 
capable of the greatest resistance, that casn beeut from the 
trunk ol a tree, i$ not a square beam; and that in general 
mny researches are to be made respecting the lightening 
of carpenter’s work, which often contains forests of timber 
in a great part useless. 

PKOBLF.M n. 

Cy the most perfect form of an arch. Properties of the 
caiemirian ciave^ and their application to the solution of 
this problem. 

The most perfect arch, no doubt, would be that, the 
voussoirs of w Inch being exceedingly thin, and even smooth 
on the sides in contact, should niaintam themselves in com* 
plete eqinhbriuin. It may easily be perceived that, in 
consequence of thii form, very light materials might be 
employed; and we shall show also that its push or thrust 
on the piers vioulcl be much less than that of any other 
arch of the same height, consiiiicted on the same piers. 
This pioperty and this advantage are found in a curve 
w^ell known to geomttnciaiis under the name of the cate- 
naiian, and called by the French la Chainette. This name 
has been given to it because it represents the curve assumed 
by a chain Acn, pi. i fig. 3, composed of an^ indchiiite 
number of infinitely small and perfectly equal links, of.bjr 
a rope perfectly uniform and exceedingly flexible, when 
suspended fieely by its two extremities. 

The dcterimnanon of tins curve was one of those pra- 
blems >vluch Leibnitz and Bernoulli proposed towards the 
end ol the l7th centniy, in order to show’^ the superiority 
of their calculation over the common analysis; which in- 
deed IS hardly sufficient to sohe aprobli^n of this oatUfo. 
But we must here coniine ourselves to a few of the pi^opei:* 
ties of the curve in question. 

If the curve abc> fig. 3 and 4 pi. 1, be disposed in such 
a manner, that its summit sliall be uppermost; and if u 
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multitude of globes be so arranged, that their centre shall 
the citcninference of this cum*, they uill all remain 
rndtiorrless and m equilibrium: much more wilt this etjiii- 
Mbriom subsist, if, instead of balls, we substitute thin votiS- 
Soits, the joints of which will pass through the points in, 
contact, as tliev will touch each other in a surfacHi fat 
more extensive tluin the points in which wc suppose the 
balls to touch each other. 

Now to describe a curve of tluslviiul is attended with 
no difficuhv; ior let us suppose tliat the space ab, com- 
prehended between the two piers a and n of fig. .G, is to 
be covered with an arch, and tliat the elevation of tins aieh 
is to be sc. Trace out on a wall a iKinzontal line cib^ fig. 
6, equal to ar ; flam from the middle of ab draw c perpen- 
dicular to It, and e(]ual to sc; and liaving fixed to the 
points, a and the two ends of a very flexible rope or 
chain, formed of small links perfectly equal and very 
moveable, so that when Isuspended freely it slnill pass 
through tlic point r, mark out on the wall a snfilcicnt num- 
ber of the points or eyes of these links, without deranging 
them: the curve described through th(*se pcants wilt be 
the one required; and notidng will be easier than to trace 
out the plan of it on the wall as rejiresented atr fig. ,5. 

Then trace out at an equal dista^icc, both without and 
Mrithin acb, two curves, wliich will represent the extrados 
and intrados of the arch to be c^mstructed. J)ivide tlie 
curve AC into any number of equal parts at pleasure ; and 
through these points of division draw Inns jiorpendicular 
to the curve, which may be done mechanically w ith suf- 
ficienC exactness for practice • these perpendiculars will 
divide the arch into voussoirs; and you will thus have a 
plan of the arch described on the wall. ' From this plan it 
witt be etisy to construct the pannel or model boards for 
cutting the stones according to the proper form. It these 
operations are accurately performed, were the line ab a 
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hundred feet, and the height sc still more, the vous$oir9 
of this arch would maintain themselves in equilibriumj^ 
however small the part in contact might be: for, mathe- 
matically speaking, they ought to maintain themselves in 
equilibrium even if the surfaces in contact were highly 
polished and slippery: consequently the equilibrium will 
subsist much more when cut in the usual manner. 

Now to find the force with which an arch of this kind 
pushes against its piefs, or tends to overturn them, draw a 
tangent to the point a the comr^encement of the curve, 
fig. 6, which may be done inecl auically by assuming two 
points very near the curve, and drawing through these 
points a line which will meet in /, the axis sc continued’*^. 
This tangent being given, it can be demonstrated in me- 
chanics that the whole weight of the scmi-arch ac, is to 
the weight or force with which it pushes the pier in a hori- 
zontal direction, B&st is to sa. On the other band, ive 
must add to the weight of the piet, the force with which 
the semi-arch preshcs upon it perpendicularly ; that is to 
say, the absolute weight of the semi-arch: in this manner 
the thickness of the pier may bc^ found, by the following 
arithmetical operation, which we shall here substitute for 
a geometrical construction, as the latter might appear too 
complex to the generality of our readers. 

We shall suppose the span ab to be 60 feet, pi. 1 fig. 5 
and 6, and consequently as will be 30 feet ; we suppose 
sc to be 30 feet also, in order that we may compare the 
push or thrust of tins arch with that of a semi-circular one. 
Let the length ac be 4<5 feet I inch 8 linesf, and the 
breadth of the arch 1 foot; for, on account of the reasons 

* This tangent may &e drawn geometrically in the following manner; 
make use of tliis propoition, as 3ic is to at + sc, so is ac— «c tO a foutHi 
term, whicii wc shuU call ru; if you then say, as cu is to ec, to is os Ukit, 
ihp point I will be that where the tangent to the point a wtU meet the eicit. 

t It is found by calculation that this ought to be the length. 
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tiibove' tncntionecV, it may be constructed safety in 
this Kgbt manner. If the height of the pier then be 40^ 
feet, required tiie thickness it ought to have in ordet td 
orercome the thrust of the arch. 

It will be found, on this supposition, that the tangent ofi^f 
the point the commencement of the catenarian curve or 
arch, will meet its axis sc produced, in a point i so situated, 
that st will be foet. If sa be then divided by st^ we 
shall have the number which must be reserved^ and 
whicli we shall call n. 

Now take a fointh proportional to the hciglit of the 
pier, the length ac of the semi-arch, and to its thickness, 
and let the half of this fourth proportional, which in this 
case is be called n. 

Then mnliipl}" ac by the thickness I, and the product 
by double the reserved number n, which will give 37; ; 
to this niimbei add the square of o, and extract the square 
root of the sum, which will be 6^* if the above mimbcr d 
be taken from this root, \\c shall have 5 feet 1 inches, for 
the breadth of the picr'*^. The pier being constiucted of 
materials homogeneous to the arch, ii is certain that it will 
resist the force with tvhich the latter tends to tluow it 
down ; for* to simplify the calculation, w'c have made a 
suppositiofi which is not altogether exact, but which in- 
creauftes in some measure the brcadtli of ifie pim. This 
observation we think necessary, that we may not be ac* 
cased of committing a wilful error. 

If this breadth be compared with that necessary to sup- 
port a circular arch forming a complete semicircle, the 
latter will be found to be much greater, for it ought to be 
near 8 feet. 

The pusli of an arch constructed on a circular founda- 
tiofii as the arch of a dome, being only about one half 

* This detcninwtio'vof tb« breadth or thickness of the tf not ma^ 
thematically correet, may at least be considered as sufficiently near Tor 
practical purposes. 
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of lliat exerted on its piers \>y a vault arch of the same 
thick It thence follows that, on the above supposition, 
the side of such a dome would lequne only inches irli 
thicknesvS. But it can be demonstrated, even l)y the figure 
of the catenaiiati curve, that the arch may be but about a 
foot in tlijcknes^. Hence wc may sec how ill founded was 
the objecliou made to the architect of the church of Saint 
Genevieve, of iis being impossible to const! net, on the 
base he employed, the dome which he projected ; for he 
could have clone it even if we su»»posc his construction to 
be such as tlie author of the oh ' etion traced out to him, 
aceouling to the picccpts of Fontana, or rather according 
to the mode w Inch that aicliiteei followed in the construe- 
tion of Ins domes. What then would have boon tlie case, 
liad the arclntect alluded to, instead of first constructing a 
cylinder of 3G feet, which it however appears was never 
lus design, made his arch rise immediately in a catenarian 
curve, above tlie civculai connee/w Inch crowned his pen- 
dcntivcs, or above a ^oclc of small height? It is evident 
that the push of tins aich would have been much less; and 
it would not be surprising li it should he found by calcula- 
tion that ins pieis would luive been capable of sustaining 
the arch raided above th<‘m,evcn supposing them insulated, 
and not allowing iheni any support fiom the re-entering 
angles of tlie church, which might have been made to rest 
against them. 

Wc shall conclude with observing, that if it were re- 
quired to find, by principles similar to those which gave 
rise to the discovery of the catenarian curve, the most ad- 
vantageous form for a dome, the problem w'ould bo ex- 
ceedingly difficult; for if we suppose this arch divided 
into small sectors, it will be evident that the weight of the 
voussoirs is not equal, and that their relation depends even 
on the form given to the arch. What has been here said, 
ought therefore to be considered only as an approximation 
of the most advantageous figure which the arch, in 
case, ought to have. 
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Ilow to construct a hemispherlcjl uvch^ or xvhat the French 

^Jrckitects call an arch en cul-dc-four^ which shall have no 

thrust Oft the piers. 

The dispute carried on, Noinc years ago, ^vidl a consider- 
abledegjee of \v.inntli,icspccLing the possibility of execut- 
ing the cupola of the new church of Saint Genevieve, gave 
me an opportunity ot examining whether, even on the 
supposition that the siijiporlers would be necessarily too 
weaL to resist the tin nst of an ai(h 63 ieet in dianieter, 
there tniglit not lie found some lesources to rcMuliir the 
construction of the cnjiola po-».il>!e. 1 soon lonnd that it 

was possible, b) means of a \eiy simple artifice, to con- 
struct an hcmisphcncal «uch, oi an aieii in the form of a 
senii-spheiiod, whicli ^liould b.ive no soil ol thru a on its 
piers, or on the cylindrK; towtu by vlmh it is supported. 
This will he readily eoneeued fiont the following leason- 
ing and illustiation. 

It IS evident th.it a licmi^phencal an li would exert no 
thrust on its supj)()rl, if the, fn si low' were ol one piece. 
But thougfi this Is impo>i>il)le, the deficieii! y may be sup- 
plied, and such au anangemeut ma\ be made, that not 
only the first row, hut th.it several nY those alioM* it, shall 
he disposed m surh a manner, that their voussons eau have 
no movement capable of disjoining llunn, as we sliall lierc 
sbpw. The hemispherical arch will then exeil no kind of 
thrust on its sujjporieis; so that it m.i.y not only be sus- 
tained by the lightest eyhnoric pier, hut ( veu by simple 
polumus, which would furnish the means of rearing a work 
very' remarkable on account of its (onstructioiu Let us 
see then, how^ the voussoirs of any row can be connected 
in such a maiuier us to have no motion tending to make 
them recede from the centre. There are several methods 
of accomplishing tins object. 
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Isl. Let A and n, pi. 2 fig. 7 n* 1, be two contiguous 
voussoirs, which we shall suppose to 4be 3 feet in length, 
and a foot and a half in breadth. Cut out on the dduti- 
gaous sides two cavities in the form of a dovc-tiil, 4 inches 
in depth, with an aperture of the same extent at ab ; 5 or 
6 inches in length, and as much in breadth at cd. This ca- 
vity will serve to receive a double key of cast iron, as ap- 
pears in the same figure n®, 2 ; or even of common forged 
iron, which will be still more secure, as the latter is not so 
brittle as the former. These two voussoirs will thus be 
connected together in such a manner, that they cannot be 
separated without breaking the ve-tail at its re-entering 
angle ; but as each of its dimen'-ions in this place will be 4 
inches, it may be cavsily seen that an ininiense force would 
be required to produce that effect ; for we are taught, by 
'well-known experiments on the strength of iron, that it re- 
quires a force of 4500 pounds to break a bar of forged i(on 
an inch square by the arm of a lever of six inches : conse- 
quently 288000 w^ould be necessary to break a bar of 16 
square inches, like that in question. Hence there is reason 
to conclude that these voussoirs wull be connected together 
by a force of 288000 pounds, and as they will never expe- 
rience an effort to disjoin them nearly so great, as might 
easily be proved by calculation, it follows that they may 
be considered as one piece. 

They might even be still farther strengthened in a very 
considerable degree : for the height of these dovc-tails 
might be made double, and a cavity might be cut in the 
middle of the bed of the upper voussoir, fit to receive it 
entirely : the dove-tail could not then be broken without 
breaking the upper voussoir also. But it may be easily 
seen that, to produce this effect, an immense force w^ould 
be required. 

2d. But as ^me persons may condemn the use of iron 
in works of this kind, we shall propose another method, 
not attended with the same inconvenience, if it rcaHy he 
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one* ^ and in whiclj nothing is employed but stone com- 
bined with stone. 

Let A and jj, fig. K, be two contiguous voussoirs of the 
first row, and c the inverted voussoir of the upper next 
row which ought to cover the joining. " Each of the two 
former voussoirs being divided into two, cut oitt in the 
middle of each half a hemispherical cavity, half a foot in 
diameter; then take with great exactness the dibtaucc of 
the centres of the cavities a and c, which arc in two con- 
tiguous voussoirs, and by those means cut out two similar 
cavities in the lower bed of the voussoir, which is to be 
placed in connection on the preceding. Then fill the ca- 
vities a and c with two globes of very hard marble, and 
place tlic upper voussoir in such a mannci that these two 
globes shall fit exactly into the cavities of its lower bed. 
If this operation be dexterously performed throughout the 
whole range of the first, second, and third rows, it maybe 
easily perceived, that all these voussoirs will form together 
one solid body, the parts of which cannot be separated ; 
fertile two voussoirs a and b caiUHit be disunited without 
breaking either the halls of marble w Inch connect them 
Mnth the upper voussoir, or breaking the upper voussoir 
through the middle. But even if ue suppose this effect, 
which could not he produced without a force almost in- 
conceivable, or at least far siipcrio.‘to the action of the 
arch, the two halves of the broken voussoir being them- 
selves sustained in a similar raanuer by the superior vous- 
soirs, no tendency to separate from each other could thence 
result : the three rows therefore of the arch would form 

♦ All architects, indeed, arc n<>t so nice in their choice of materials; hot 
it appears to iis that the frequent use of iron f jr sirtiiglheniiig buildings is 
snhjcct to much inconvenience and danger. Wc at lea^t wihb that public 
monttments were constructed wilhout it for if they r.u^ support thenisf Ivcn 
vrithout iron it is needless : if iron is essential to strength, it will certainly 
be coiiftomed in the course of time by rust, and the edifice will then tumble 
to pieces, or be greatly injured. The use ol iron then iu tbit eese is ettetideU 
bad coQSequeoccs, » 
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oji)ly one piece, and there would be no thrust. It will bdv 
sufficient it the base of this arch have^Such^E thickness as 
to i)re\eDt it from beinf» crushed by its absolute weight ; 
and a very auxlcratc thickness, if the materials be good, 
will iinsucr this purpose, 

Wc tb^k wo have provc<l therefore, by these two me- 
thods, that a heinisplicncal arch might be constructed 
without anv thrust on its supporters ; consecpicntly, if W'O 
even .suppose lliat the Architect of Samt Genevieve had 
adopted the form of Fontana\ domes, and luid begun by 
raising on ins pinidcnlncs a t( cr of about *66 feet in 
bciglit, to be Clowned by a heim-pherical dome, it would 
not have been impossible to give it a solid constiuction, 

PROriLl.M IV, 

In what mamicr the thrust of arches may be considerably 
dmiinishc(L 

Aichitects, in om opinion, have not considered withsiif- 
fieont citicntion the resouices aflordod by mechanics, for 
dinutndnng, on many occasions, tlie (hi list of arches. We 
shall therefore present the reader with some observations 
on that subject. 

When the manner in which an arch tends to overturn 
its piers is analyzed, it appears that the arch necessarily 
divides Uself sotiiewhevc m its Hanks, and that the upper 
part acts m the form of a wedge or a lever on the remain^ 
der of tile aich, and on the pier, which arc supposed to 
fyrm one body. Tins considciation then suggests, that to 
diminish the thrust of the aixh, or increase tlic stability of 
the pier, the coniniciu emcnt of the flanks ought to be 
loaded; and that the thickness of the voussoirs near the 
key ought to be considerably lessened : in short, to make 
the arch, insieatl of having a uniform thickness throogboot 
its whole extent, to be very thick at its origin, and at the 
key to be no thicker than \vhat is necessary to resist the 
pressure of the flanks. It may be easily perceived y that 
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9s hy this motliod apart of the force which acts to overturn 
is thrown upon wat which resists being overturned, the 
latter will gain "a‘ great advantage over the former. 

It IS to arches in the form of a dome, in particular, that 
this consideration is applicable; and not only might this 
method ho employed, but also heterogeneity ofliiaterials. 
For this purpose, let us sup]>ose ourselves in the place of 
the architect of S..int Genevieve, and tliat it is necessary 
to construct his dotue hv first raising a loiind tower 3^ 
feet ill height, to he afterwards crow n(‘d by an arch, which 
we shall suppose to be benn^phcrical, ibongii he was al- 
lowed to make it a little more elevateii than that form, in 
order that ir might a|)()ear hemi>phen(‘til when seen at a 
moderate distance. It is found that ‘iivini^ to tliis arch 
the umfoiiu tliu kness of a foot anil a half, the tower ought 
to be if] (ect in thickness at the utmost, which added to 
some ncces‘-ary enlargement at ilie foundation, for the 
sake of solidity, exceeds the breadlli of flic basis winch 
might be giviMi to it in a part of its cncnmference. But, 
according to the above considerations, wbal would prcl^cnt 
this toiver, ami the first row's, even as lar as towards the 
middle of the flanks of tlie arch, from being ci'nsiruelcd of 
materials much moic ponderous ilun the rest of the arch? 
For w'e are aeqnainted with some stomps, sucli as hard and 
coarse marble, whieli we'gh 230 f.»»unfl.s the ein>ii' toot; 
while the Saint Leu, in the iicigbbourhood of Pans, weighs 
only 132, and brick much less. Instead of givang to the 
arch the uniform thickness of a loot and a halt, v\liy might 
it not be made 3 feet at the spring, and only H inches to- 
wards the summit ? l^ut h\ making llie follow ing supposi- 
tions, namely that the tow'er and the first row s of the arch, 
as far as the middle of the flanks, are lA' the hard stone in 
tfie neighbourhood of Paris, which w^eigfis 170 pounds the 
cubic foot, and the rest of brick w hich weighs only 130 ; 
and that the arch at its spring, as far as tlie middle, ih 2j 
feet in thickness, und only 8 inches towards tiic summit; 
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we have found that the tower in questi^ ought to be only 
1 foot 8} inches in thicknebs, to be in ^lilitiium with the 
thrust of the arch. If this tower therefotS?- weSIb made 3 
feet in thickness, it is evident to the most timid architect, 
that it would be more than suflit'ient to counteract every 
eflect o|l^|i^tcral yjressure; and it would be still more so 
were it made 31 feet in thickness to a certain height, such 
as that of 9 feet, for example, and then 3 feet or 2 feet 9 
inches to the commencement of the arch ; as a pier is 
strengthened by throwing to its lower part a portion of its 
thickness, instead of making it r jally thick throughout; 
since the point on which it ovig‘^t to turn, in order to be 
thrown down, is removed farther back. 

But this is enough on a subject which wc have intro- 
duced here occasionally. 

PROBLCM V. 

Two persons y who cu e neighbours^ have each a small piece of 
ground, on whi( h tluy intend to build; but, u} order to 
as much room a.s possible, they agree to construct a 
stair common to both houses, and oj duc/i a nature, that the 
inhabitants shall have nothing in lommon except the en- 
trance and the vestibule, What method must the arc/ii^ 
tect pursue to carry this plan into execution? 

The stairs here proposed may be constructed in the fol- 
lowing manner, of which there are some examples. 

Let fig. 9 n°. 1, pi. 2, be a plan of the stairs, the form 
of which is of such a nature as to ascend, without being 
too steep, from the lower to the first story in one revolu- 
tion, or somewhat less. In a common vestibule a, the en- 
trance to which is through a common door p, construct on 
the right at B the commencement of the vamp intended 
for the house on the right ; and make it circulate from 
right to left, as a landing place, which must be con* 
structed above the landing place b : the stairs may then fab 
continued in theaame manner to a second or third stdry. 
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Tlje conit^ei^c^ment of the other stau-casc must be on 
the bide oppobite at c; and mubt cliciilutc 

ia the s^evdprtsbtioii, in order to avnve, after one levolu- 
tion, at a landing place forming the i' hance to the fubi 
story of the house on the left ; so hat il the inside railing 
of these staii-cases be open, as it in.iv be easily those 
who ascend or descend oy one of iliein, can sec those wlio 
are on the otiier, without having any ooiumunjcatioa but 
by the common vestibule a and the door of entrance. A 
section of tins double stair-case is seen fig. 9 n^ 2. 

At the castle of Chauibord tJicie is a stair-casc nearly of 
this foUL, which serves for the whole building. For, as 
^ this edifice consists of iour grand vestibules, or immense 
saloons, placed opposite to eacli other, ni the form of a 
Greek cross, anct into winch all the apartments open, Ser- 
lio, theanhitect, constructed the stair-case in the centre 
of this cross, and, by means of a dcaihle ramp, those who 
enter from the south vestibule on the ground floor, and 
who front the stair-case before tliem, arrive after one re- 
volution at the southern vestibule oi ^aIooll oi thc^'^rst 
story, and vice versa. 

But though the form of this stair-case is vc.'V ingenious, 
it lias some great defects, which might have been easily 
avoided. 1st. The entrance of the stair-case, instead of 
being directly opposite to the rniddje of each saloon, is a 
little on one side. 2d. There is no landing-place before 
the door which forms the entrance into this siory. 3d. 
The interior railing, winch might have been light, and al- 
most entirely open, has only a very small numbei of aper- 
tures. 

If the ground would admit, the same artifice might be 
employed to construct a stair-case with four ramps, all se- 
parate from each oilier, in order to ascend to four different 
epartments. The plan of a stair of this kind, which is 
said to have been constructed at Chambord, may be seten 
in Palladio. That of Serlio, on account of the four gaU 
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lenes lo be entered, would no doubt ha?e b^^tnuch more 
beaiuifui, had it been built on the same pUd^'Uut we can 
asbCM i that the stair of Chainbord has onl^^Wo ^fcaps as 
above described. 

Remark, — Some stairs are distinnuished by another pe- 
culianiv, namely, the holdnoss of their construction. Such 
are lliose stairs in the form ol j scr(*\v, the helix of which 
forms a spiial entirely suspended, so that there remains in 
the iiiKidle a vacoiitv ot greater or less extent. This bold 
coiHi riieiion deperjiKon the inann<rin winch the steps arc 
CUT, .Old t leii Jiemg- fixeil hy oni t iiti in the wall, which 
on one suie supplies the ydaC'^ o. a rail. A lull account 
ol liie 'neehaiiisni of them iiiiiy he seen in most n'orks oti 
arcliitectiiu. 


PROBLEM VJ. 

"to comfruct a floor xi'tf/i joists, the length of xi)hich is little 
inoie th.ifi the ha/j of that nevessurj/ to reach from the one 
xra/l to the other. 

Let ihe ajuare abcu, pi. 2 fig. 10, be ihc frame of the 
flooi, Mihch is to be covered muIj joists a little more in 
length tliaii the Icdl ol’ one ol the sides ab. On the sides 
ol tills s<j(iarc assume the parts ag, bi, cl, and de etyual 
to the given length ot the joists, winch must be arranged 
as seen iii the figure ; that is, first place ef, and intioduce 
below It OH, with its end u resting on ik; and let k, the 
end oi IK, lest upon l\i, the end of which m must be made 
to lest upon the first joist rr. It mav be easily proved, 
that in tins po>ition these joists will mutually support each 
other without falling. 

It IS almost needless to observe that the end of each joist 
must he cut m such a manner, as to enter a notch made 
for It in the joist on which it rests, and into wliich it ought 
to be well fitted* However, as a notch cut into a jpist . 
must lessen ks strength, it would perhaps be better to 
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make the end, of e^h joist rest on an iron stirrnp of a suf- 
iicieut size, to them in a secure manner. 

But Sffe cessary that the joists sliould be a little 

lonjrer than half the bieadth ol the fi\inie to be covered; 
a floor may be constructed with pieces of ^Yood much 
shorter, it they be cut and arranged in «i propi^ fbunoer. 

Let Us Mippose, tor cxauiple, tiuit an area of I ‘2 feet 
square is to be covered, and that the pieces of wood, in- 
tended to suppoii tiic tlooi , are only 2 led in length. Cut 
the extremities ol one of these t>ieces of wood in an ohlique 
form, or into a bevel, as repieseiU(*tl by the section acd 
or BEF, fig. 1 1 ; and in the nndille ol the same piece, form 
on each side a notch, lor rccdving ilie end of another 
piece cut in like inaiuiei. li tlie same o[)eiMtn>n be per- 
formed on all tiie lest, they uia} tiieii lie airangi'd as seen 
in the figure ; a bale view of wln^di will give a lx tter idea 
of the artifice lieie cmplc)\ed, than a long deaaiplion. 
The oblong spaces, which remain along ihi* wmDs, may be 
filled up with pu'Cc‘s of wood hall the lengtl) ol the for- 
mer. The scafloldmg i i.iy th» 11 he iiiijoxed with groat 
safety, for these ])iece-.ol wood will lonii a ilooi, and 
will mutually support each other, piorid'sl n aie of them 
is destroyed ; tor it is to he observed, that the breaking of 
one would make the whole (.til to p»e< es. 

Dr. Wallis, at the end of the third volume o( Iks works, 
gives a great variety of these combinations, and he says 
that tills invention was emploved m some p.irts ol England* 
Blit on account of the leasons alieady meiilioiud, n is to 
be considered rather as ingefiious than \>i ful, ami lit only 
to be adopted when there i> a great scMrciiy ol timber, 
and for floors winch liave veiy little w( ight to support. 

Remark. — I nstead of pieces of wood, if wc suppose 
stones to be cut in the same uianm r, it is evident that they 
would form a flat arch; but in this case, to avoid the 
danger of breaking, it would be necessary that they should 
be at most 2 feet in length, and of a suitable width and 
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thickness. An arch of this kind is generall^^kllcd tlie flat 
arch of M. Abcille ; because it was p ropj|^^|)||k^at en» 
gincer, to the Academy of Sciences, irt it is at- 

tended with this advantage, that its whole thrust is exerted 
on the fciur walls, which serve to support it ; whereas a 
fiat arch, constructed according to the usual method, ex- 
erts Its thrust or push only against two. But this advan- 
tage IS more than overbalanced by the danger of the whole 
tumbling to pieces, if one stone only should be deficient. 
Frezier has treated on this subject at some length, in his 
work on cutting stones; and ha, shown how to vary the 
compartments of the intrados, or lower part, as well as of 
the extrados, or upper part, which might be formed with 
these arclies. But wc must here repeat, that these things 
are more curious than useful, or rather that thi^ constme- 
tion is very dangerous. 

PROBLEM VIT. 

Of suspended Arches, called hif the F) cnch Trompes dans 
VAngle. 

One of the boldest works in masonry, is that kind of 
arch called, by the French, Trompe duns C Angle‘s, Let us 
suppose a conical aich, as sai-bs, pi. 3 fig. 12, raised on 
the plane of a ti iaiigle asb ; if from the middle of the bas^ 
there be draNvn two lines ec and ed, which in general arc 
parallel to the lespective sides so and sc ; and if upon 
these be raised two planes def and cef, perpendicular to 
the base ; these tw o planes will cut off, towards the sum- 
mit s, a part of the arch, as foscf, the half of which cfi>c 
M ull be suspended, or project beyond the foundation. This 
tiuncated part of the conical arch fdscf, is w'hat is calk^' 
a trompe dans V Angle; because in general it is constructed 
in a re-entering angle to support some projecting part of 

* These atclies are called trimpa, because they have a res^blaoce t«> 
thd mouth of a tnimpet. 
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an edifice. this purpose^ on the curvilinear planes cf 
and DFjjt t|je j^^ Taised walls which, though suspended, 
have provided the voussoirs be exactly 

cut ; are loh^ enough to be inserted in the half which is 
hot suspended ; and provided also that this part is properly 
loaded. 

Works of this kind are common ; but the most singular 
is one at Lyons ; which supports a considerable part of a 
house, situated on the stoiie-bndgc. One cannot see, 
without some uneasiness, the corner of this edifice, which 
IS three or four stoi les in height, project several yards over 
the river. It is said to be the work of Desargues, a gen- 
tleman of the Lvonnes(‘, and an able geometrician, who 
lived in the time of Descartes. In that case, this work 
must have stood about loO years ; which seems to prove 
that this kind of construction has a real aud greater solidity 
than iscomiuonl> supposed. 

Remark. — If th(' suspended arch l)e aright arch, that 
is to say a portion of a i ight cone asiM' ; and if th * section 
planes RED and rr.r be respectively paiallel to sc and sn, 
the curves re and i n, as is well known, will be parabolas, 
having their summit in n, and ce or nr. for tla.r axis. 

We must here take notice of a geometrical curiosity, 
which is, that the conical surface ronr, though a curve, 
and terminated in part by curved Jinfcs, is cijual to a recti- 
lineal figure; for if dg be drawn paiallel to the axis s£, 
it can be demonstrated, that the eouical surface m question, 
is equal to one and a third of the rectangle of su or sp by 
EC. 


PROBLEM VIU. 

A gentleman has a quadrangular irregular piece of ground^ 
m ABCD, in which he is desirous of planting a quincunx, 
in suck a manner , that all the rows oftrees^ whether irans-- 
*oersalor diagonal^ shall be righ* lines. How must he pro^ 
ceed to carry this plan intq execution ? 
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W6 &faaU suppose this quadrilateral to irregular^ 
that the opposite sides ab and nc, pi. ^ 
point and the sides ad and cb in anotHl^PmPi^ t?on* 
tinue these sides, two and two, to the points of meeting, 
£ and p, which must be joined by a straight line ef ; then 
through the point n draw^ a line parallel to ef ; continue 
DC and BA till they meet that parallel, in h and g, and 
divide CD and dh into the same number of equal parts, 
which we shall suppose to be tour; if thiough the points 
of division in gd, as many straif’^ht lines be drawn to the 
point f; and if straight lines h drawn, in like manner, 
through the points oi division in du to the point e, these 
lines will intersect the sides of the quadrilateral, and each 
other, in points, wdiich will be those wlierc the trees must 
be planted, in order to solve the problem. 

For the demoq^tratioii w’c might refer to prob, of 
Optics, where we have shown how a (jiuulnliiteral, such 
as ABC D, niciv he the perspective rojiresentation of a paral- 
lelogram. Wc shall however here repeat it. 

Through the points o and ii draw the lines ha and nb, 
inclined to cn at an angle of 45 degrees from right to left ; 
and througli tlie points g and n tw o other lines, o b and 
DC, inclined also 45 degrees to on, but in a contrary di- 
rection ; these four lines wnll necessarily cut each other at 
right angles, and form a rectangle abev, of which, ac- 
cording to the rules of perspective, the quadrilateral abcd 
wmuld be the representation, to an eye situated in the point 
I, w hich divides ef into two equal parts, and is at a distance 
from the plane of the picture equal to lE or ip. 

Let us suppose then that the oblong abch is divided 
into similar oblongs, by four lines parallel to its sides ; these 
Iftles, if continued till they meet gd and dh, will divide 
them into the same number of equal parts ; and as dc and 
OAB are the perspective representations of Df and oab, 
the lines proceeding from the equal divisions of gd, and 
ending at the point f, will be the perspective representa^ 
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itons of lin^^|EiraIlel to « I or o c The case will bo the 
parallel to the tuo sides tuamdcb^ 
Tb<i%i^i|pfl^Hpfeterals then formed by tliose lines cutting 
each other ^tne qiti^rilatcrai abcd, will be the porspec* 
tive pictnres of the oblongs into which ahcx> is divided* 
But all the points which arc in a straight hnc in the object^ 
will be in a straight line in the picture; consequently, as 
the rows of trees planted at the angles of the divisions of 
the pblong abcD nccessaiily form straight lines, both 
transversely and diagonally, tbeir places in the quadrila- 
teral ABCD, which arc the ]>ict6rcs ol the se angles in the 
oblong, will also form straight lines in the same direction ; 
for, in perspective repi\‘seulations, the pictures of straight 
lines arc always straight lines. 

If the opposite side-, ab and c n, of ilic given quadrila- 
teral, he very unequal, they must not lie divided into the 
same number of parts; tor in that case tfiev would be too 
•unequal, since in a pknUition of this kind the quudnlatcials 
ought to be nearly perleot squaren. For example, if one 
side abbe 100 yards, and the otlu r JO, by dividing each 
of them into 20, the divisions on one suie would be 5, and 
on the other 3 yards, winch would lorm figures too ob- 
long. On this supposition, it would be much better to 
divide the firxt into 16 and the second into u, wimli would 
give divisions almost square, namJy ol yaids in one 
direction, and 6y in the other, but in lliis ease there would 
be no diagonal row of trees, either in the oblpng abc o, or 
in the proposed quadrilateral auc o- In slimt, by dividing 
one of the lines gd or nii into lb pans- and the other into 
6, all the rows of trees in the irregiildr figure will be 
straight lines. 

To have a real quincunx ♦, it w ill be sufficient, after this 
operation, to draw, in each soiall quadi ilateral of the plant- 

♦ A real quiucunx it Ilj.it wlxrc theio is a trre in Ok iiinidle of <»cl» 
aqnitre ; iur the word quincuHir meane iivo trees in a square, whicli eaunot 
lie arranged othorw^se. 
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ation, two ISiag^onals, and to plant a trja^n the point 
where they intersect each other ; all wiH 

form straight lines also. 

PaOBLEM IX. 

To co?istru€i the frame of a roof whichj xoithout tiC’^heanu^ 
shalLhave no lateral thrust on the xvalls on which it rests. 
We liave seen at Pans, in a garden of tho faubom'g 
Saint-Homi a small building, in the form of a lent, the 
walk of which were only a few inches in thickness, and 
which were covered hy a roi i without tic-beanris ; the 
whole being lined in the inside, it had the real appearance 
of a tent. It was used as a summer apartment in the day- 
time, and formed a retreat truly delightful. 

What surpriised those w’ho bad Jiny knowledge of archi- 
tecture, W'as, how the roof of this small edifice could be 
constructed ivithout tic-bcanis : for however light it might 
be, the walls were so thin, that any common roof must 
have overturned them. The artifice, said to have been the 
invention of IVL Arnoult, superintendarit of the theatres 
des Menus*- Plaisirs^ was as follow s : 

Two rafters, cn and ed, pi. 3 fig. 14, resting on the two 
beams ab and ab^ Avere strongly joined together at the 
summit d. From the angles, whicli tliesc tv o rafters formed 
at c and e, proceeded two other pieces of timber, Avhich 
w ere well united to the beams at f and g, to tfie rafters at 
H and 1, and also to each other at k, by means of a double 
notch. For the sake of greater security, the pieces cVf and 
Fii, and Fj> and gi, were bound together by two cross 
pieces at L and m. It is evident that these four inclined 
pieces can have no tendency to separate, or to exert any 
lateral thrust on the walls upon which the beams ab and 
a b are placed : for they cannot separate wdtJbout render- 
ing the angle n more obtuse. For tliis purpose, it would 
be necessary that the angle k should become more obtuse 
also; but the junctions at i and ii oppose any movement 
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of this kind|^j[iseqnently this frame worlc will rest on t^hc 
beai|js without scpanitinfy in any manner^ and 

will eTOix'nii iafeVal pussurc aguiiKt tfic walls. 

It is hence ovidfent that this arriuce m^ght be of great 
use in architectmt\ espccirilly when n isrccjuircd to rover 
an ex:tensive building, the walls of winch are thin, and to 
avoid the disagreeable ofl'ect produced by tie-beams, when 
not concealed horn the sight. 

rUOBLLM X, 

On measuring arihes m cul^dc-lmr^ surhausst^ and siir^* 
baissf. 

The appellation of rul-^dc-foifr is applied to vaults on a 
})!au coinnioiil^^ circular, a section of whu h through the 
axis IS an ellipsis, or as the French architects call it an ause 
tie punier. They dilfcr from heiiesphencal arches in this, 
that in the latter the height of the seinmit above the plane 
of the base is equal to toe radius o( that bas(‘; while in the 
former tins height is greater oi Icsm if greater the arch 
is called cuUde-Joiir surhausse, n less, u is called cuMc* 
four surbamL Both these aiclies are represented pi. 4 
fig, 15 and 16. The first is an arcli en cul-dc-fu. r sut haicssi ; 
the second arch en cuhdefour suibansL In tin* language 
ol' geometry, the one is an elongated semi-spliciojil, or an 
arch formed by the circumvolution of a scnu-t llqiso around 
its greater semi-axis; the other a scnu-sphcroid formed by 
the circumvolution of the same semi-ellipsis aliout its less 
semi-axis. 

Books <rf architecture contain, in gcncrul, ruk;^ t>o false 
for measuring the superficial consent ol these tirches, that 
wc think it necessary to give here nietliods inoie correct. 
Bulkt and Savot, for example, say that ni>thing is neces- 
sary but to multiply the circumference of tiie babe by the 
height i as if the arch to be measured wore hen)ij>phcrical. 
Th^ is an Egregious error, and n is bin prizing that those 
ainhors^did not observe that if this rule were correct^ the 
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superficii&l coiitent of some arches en 
would be less thaa the circle covered 
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absurd^ 

For let us suppose, by way of e3ieifaple; Sh arch of a 
foot in height, on a circle of 7 feet diametdf the area of 
this circle, according to the approximation of Archimedes, 
will be equal to 38 J square feet ; but if the circumference, 
22 feet, be multiplied by one foot in height, we should 
have only 22 square feet ; wliicli is not two-thirds of the 
base* III this case, the builder would be cheated of more 
than two^tliirds of ^\hat he ou<,*it to recei%’e. We shall 
therefore give rules for measuring such arches, sufficiently 
correct to be employed in the common purposes of archi- 
tecture* 


I* For arches cn cuUde-four surhausse^ or the Oblong 
Spheroid. 

The radius of the base and the height of the arch being 
given, first make this proportion : As the height is to the 
radius of the base, so is the latter to a fourth temi, tlie 
third of which must be added to two>tbnrds of the radius 
of the base. 

Then find the circumference corresponding to a radius 
equal to that sum, and multiply this circumference by the 
height : the product will be the superficial content or curve 
surface nearly. 

Es;mnplej^he,t the height be 10 feet, and the radius of 
the base S. Then say as 10 is to 8, so is 8 to the third 
of wfa(Ch is 2 yt: two-thirds of 8 are whildi added to 
2^, make Vr feet, or 7 feet 5 inches 7 lines. 

But the circumference corresponding to 7^ feet radius, 
or I4.|| feet diameter, is 46^4 fe*^? which multiplied by 10 
feet, the height oftlie arch, gives for product 469^ square 
feet, or 52 yards l-J- foot. 

By Bullet^s rule,* the superficial content would have bee^ 
55' yards T feet ; the difference of which ia excesis i$ 3^ 
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^Mboat a 14tii of the wlioto ; and tfaU in an 
jlofe deviate much from a hemispheric t if 
> the error would be considerably greater. 

it ir» 

AI. For en cul-de-four surbaissS^ or the Oblate 

Spheroids 



The rule for thc^se arclies is nearly the same as tlm pro^ 
ceditig. Find a third pioportional to the height and the 
radius of the base ; and add two-thirds of it to the ra<iui 3 
of the base; then find the circumference corresponding 
to the sum as a radius, and multiply it by the height : the 
product will be the superficial content nearly of the givert 
arch. 

Let the radius of the base of an arch en cul^de-four SUT^ 
baisi^e be JO feet, and the height be 8. As 8 is to 10, so 
is 10 to 12J, two-tlnrds of which arc 8j ; on tlnj other 
hand, the third of 10 is 3]., whicli ridded to the former, 
gives 11* feet. 

But the circumference corresponding to 1 1^ feet radiiiS| 
or 23|. diameter, is 735, which multiplied by the height^ 
that IS 8 feet, gives for product 5864 lect, or 65 yards H 
foot = the superficial content of the ai cli. 

According to Bullet’s rule the superficial content would 
have been 55 vards 7 feet ; which iiirakcs an error in de» 
feetuf 9 yards 3f feet, or above a teth part of the whole 
surface. 

REMAKK--*-It would be easy to give, for those wlio are 
geometrician;^ rules still more exact ; as it is well known 
that the dimensions of prolate spheroids depend on tho 
measurement of a truncated elliptical or circular segment ^ 
and tlmt of the .surface of an oblate spheroid, on the 
measurement of an hyperbolical space ; consequently the 
former , may be determined by means of a table of sines 
^d circular arcs, and the other by employing a table of 
logarithms. 

In regasd to the method above given, it is deduced from 
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the same principles; but by ^ 

circle or hyperbola of a moderate 
area, which when this segment for ms ^^^fflPffwthe 
space to bcnieaMircd, ii> liable only error; 

in many cashes this consideration supplies* pMtsjhcai rules 
exceedingl)’ convenient. 

Some architects may perhaps ask: Of what advantage 
is it to be able to ascertain with precision the superficial 
content of these domes, a^ a few yards more or less can be 
ot little importance i But it ma^ be said m reply, that for 
the same reason, accurate me . urement in general is of 
little utility. To such peisons it is of no consecjuence that 
Archimedes has demonstrated that the surface of a hemi- 
sphere is ecpial to that of a cvlinder of the same base and 
height; or, to speak according to their own terms, that 
the surface of a hemispherical arch is equal to the product 
of the circumference of the base by the height. Jf they 
employ, in regard to the arches m questioiii rules sO er- 
roneous, It is because they consider tlicm as exact, and 
because they have been taught them by people so ignorant 
of geometry, as not to be able to give them better ones. 

PROBLEM XI, 

To measure Gothic or Cloister arches^ and arches (Turcte^ or 
Groin Arches. 

It frequently happens that on a square, an oblong, or 
polygonal space or edifice, an arch vault is raised, con- 
sisting of several bcrceaux or vaults, which commencing 
at tlie sides of the base, unite in a cornmori point as a sum- 
mit, and form in the inside as manv le-entcrmg angles or 
gitmis, as fliere arc an;^lcs in the figure which as a 
base. These arches arc calleil arcs de cloUre^ eioiUCr 
arches. A representauon of them is seen fig. 1:7 pL 4. 

But if the space or edifice, a square for example, be 
covered with iwo berceatix or vaults, (fig. 1 8)> w'hicli Seem 
to penetriCte each other, and which form two ndges ov re- 
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$u)l;^ing mtei^'otiag each otner at il^c summit of 

the ^Wcb IS callefl an arch d’^arcte^ or a groin 

aroli^^^.|UOst fia^jft^rkable properties of these arehch are 
as fellow, , W j , 

1st, content of every circular cloister 

arch, on any base, whether square or polvgonal, is exactly 
double that of the base, in the same manner the super- 
ficial content of a hemisplicncal arch, or arcli cn cuUde*- 
four or en plan ccuUrc, is double that of the circular base. 

It may iiuleed be said, that a hemispherical arch is only 
a cloister arcli on a polygon of an infinite number of 
sides. 

When the superficial content thcvefoie of such anarch is 
to be measured, iiotliiug will be necessary but to double 
the surface of the base, provided tlie berceaux be en plcin 
ceintre, or a complete semi-circle ; for if they arc greater 
or loss, they will have to the base, iIjc same ratio that an 
arch en cul-dtfour surhaimiy or sudnusig^ has to the circle 
of its base. 

2d. A cloister arch, and a groin aicli on a square, form 
together the two complete berceaux o\ \aults, raised upon 
that square. 

This may he readily seen in fig. 10. Ther(*foie if from 
two berceaux or vaults, the cloister arch be deducted, there 
will remain the groin arch, whi^.h in this case gives a 
simple method for rncasuiing groin arches j for if the 
superficial content of the cloister arch be subtracted from 
the superficial content of the two vaults, the remainder 
will be tliaf of the groin. 

If the b.isc, for example, be 14 feet in both directions, 
the circumference of the semi-circle ol each will be 22 feet, 
and the superficial content will be 22 by 14 or SOS square 
feet; consequently tlie sqpeificial content of botli the 
bc^rcewx will be 016 square feet. Hut the interior surface 
of the gothic arch is twice the base, or twice tliat is 
392 j and if this number be subtracted from 61G, we &hah 
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have 224 square f6t tlie 
groin arcth 

Sd* If the solid content of the in|^!^v?of 
bo required. Multiply the base by P|tbO height. 

This is evident from the reason already jjfiysiijif in regard 
to the superiicial content; for arches of tfiis kind, both in 
regard to their sohdily and sii|nrhcia] content, are to a 
prism of the same bcisc and height, in the same ratio as the 
bemispliere to the cirnimscnbed cylinder. 

4th. The soJiility of the s]jace <'ontained bv a groin arch 
on a square or oblong plane, is ^ J* o^ the solid liaving thO 
same b«i,se and height, supposing the approxiin»Ltc ratio of 
the diameter of the circle to tiie circiiinterence, to be as 7 
to 22. This may" be easily demonstrated also, by observ- 
ing, that the interior solid of such an arch, is equal to the 
sum of the two vaults or dcnii-cy hnders, minus once the 
solidity of the cloister arch, which is twice comprehended 
in this double, and consequently ought to be deducted. 


PiioniiEM xn. 

JIow to constj'uci a wooden bridge of 100 feel and more in 
lengthy and of one arch, •with pieces of timber, none of 
which shall be more than a few feet in length. 

We shall here suppose, that the pieces ol timljer in- 
tended tor a bridge of this kind, are 12 or 14 inches 
square, and only about 12 feet in length: or that pai- 
ticiilar circumstances have prevented rows of piles frooi 
being sunk ki the bed of the river, to support the beams 
employed iu constructing the woik. In what manner must 
the architect proceed to build the bridge, notwithstanding 
these difticuitios } 

The exjecution of this plan is not impossible : for it might 
be accomplished in the following manner. First trace out, 
on a large wall, a plan of the projected bridge, by de- 
scribing two concentric arches at such a distance fruoi 
each edier^ as the length of the pieces of timber to.be eia^ 
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shill suppose, for example^ 
to givitig them the form of aa arc of 90 degrees 

froc^WT'l^r to atj^her : then divide this arc into a cer* 
taia of eqtw parts, in sucli a manner, that the arc 

of «aeh hpt 5 or G feet. 

On the supposition here made, of the distance of 1 00 feet 
between the two pier^, an arc of 90 degrees which cover# 
it would be 110 feet in length, and its radms would l»e 70 
feet. Divide then this arc into 2ii equal parts, of 5 foot 
each, and with the above pieces of timber, joined together, 
form u kind of roussoirs, 8 or 10 fei t in height, 5 lect m 
breadth at the inirados, and 5 feet 8 inches iJ ime^ at the 
extrados ; (or such aic the proportions ot these arcs, ac-* 
cording lo the above diniensums. Fig. 20 n prcM uts onft 
of these vonssoins, which, as n evulcnt, consists of four 
principal pieces of strong timber, at least 10 inches square, 
which meet two uiul two at the centre of their i‘e-»pective 
arcs; of three principal cross hands tit each faci*, a# at, 
BD, EF, aCf b<I, cy, whicli lunst be c\ci'edingl> strong, 
and therefore ought to bo 12 or 14 ncties ui height, and 
10 inches in breadtli ; and, lastly, of several lateral bands, 
between the two faces, to bind them together in different 
directions, and to prevent them from giving way. A 
voiissoir of this kind may be about 6 feet in length, that 
is between the two faces aefu and 

An arch must then be farmed of these voussoirs, exactly 
iu the same manner as if tluy were stoni', and when they 
are all arranged in their proper place'", tlicdiftereiit pieces 
maybe boond together according to the rule.i ol art, either 
with pins or braces. Sevcial arc In^s or ribs ol this kind 
must be formed, close to each othei, according to the in- 
tended breadth of the bndgt' ^ and the pieces may be bound 
together in the same manner as tlie first, so as to render 
the whole firm and secure. By these means wc shall have 
a wooden bridge of one arch, wlncli it would be very diffi- 
cult to construct in any other manner. 



It now remains to4“e <j3tarni& 
will have sufficient strength to re^t tiie pressi^r^ J^eli 
they will exert on each other. The |oUow*in|r, 
will show that there can be no cloubt^f it. 

It appears from the experiments of 'Mu^Ii^brocck*, 
and the theory of the resistance of bodies^ tfiat a^picce of 
oak ISl inches square, and 5 feet in length, can sustain 
in an upright position, without breaking, 264 thousand 
pounds; hence it follows that a cross band, as AC or Er, 
5 feet ill length and 12 inches by iO, can support 220000 ; 
but for the gicaior certainty u shall reduce this weight 
to 150000: therefore, as wc Iu^l six bands of this lengthy 
a few inches more or less, in each i>i thc^c voussoirs, it is 
evident that the cdort nhieh one of these voussoirs is ca* 
pable of sustaining, will be at least 9u() ihou'-aiul pounds. 
Let us now exanune what is the real cllort to be resisted. 

Wc have found, by calculating, the absolute weight of 
such a voussoir, and even supposing it to be considerably 
increased, that it will weigh at most between 7 and 8 
thousand pounds or 7500. The weight then resting on 
one of thi' pie rs, most hxidcd, having 10 vous’:oirs to sup-* 
port, will be cliarged only with the weightol 75000 pounds; 
a weight hov^cver which, on account ol the position of tiie 
voussoirs, will exert a pressure of 115000 pounds; but wc 
sluill suppose It to be even ICUOOO. There is reason there- 
fore to conclude, from this calculation, tliat such a bridge 
would not only liave strength to support itself, but also to 
bear, witiiout any danger of breaking, tlie most ponderous 
burtbens : it even apj>ears that it would not l>e necessary 
to make the pieces of timber so strong. 

If the cxpence of such a bridge be compared with that 
attending the coirunon method, it will perhaps be found 
to be much Ics^; for one of the'^c voussoirs would contain 
no more than 140 or 150 square feet of timber, which at 


dc rhr«iqii^», \ol. i cliap. ii, 
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t^ould W oSly \5 £ ; that tha 
22 Ailsiix^^ of one Jp^irse or nb, would cost 3‘SoX ; con- 
$eqw^y^4f we dU|)po$e the breadth of the bridtje to 
consist of four coofiies or rib^, the whole would amount 
OTTly’tO t|f2Q<£»^ s 'It ^qst indeed he allow'od ih.Jt to com- 
plete sttoh tL bridcpei ‘^her cxptuccs w'ould be required ; 
but tiie object here proposed, was to show^ the possibility 
of constructing it, and not to calculate the expense. 

The idea ot such a bridge iiist occurred to me in conse- 
quence of a (luritrerous passage I met with in the province 
of Cuscoj in Peru; where I was obliged to cross a torrent^ 
that flows between tw^o roclv>, about feet distant from 
each other, and morv"* than 150 feet in height. >''J'hc iil- 
habitanta of the country have constructed thcie a Travifa*^ 
whc-ie I was m dungei of penslung. When I arrived at 
the next village, I iiegan to leflect on the best means of 
constructing in this place a wooden bridge, and I contrived 
the above evpcdicm. J propusetl my pl«ui to ihc Cor- 
regidor, Don Ja\ me Alonzo v Cuniga, a very intelligent 
man, who, being fond of the French, received me with 
great politeness. He .ijiproved of iny idea, and agreed 
that, at the exfiencc of a thousand piasters^ a bridge of 12 
feet in breadth, w Inch all Pern would come to see tlirougli 
curiosity, might be constructed in that place. IJut as I 
set out three days after, 1 do not k^iiow whetliei this pro- 
ject, with which tins worthy man seemed highly pleased, 
was ever carried into execution. 

It may here be remarked, that n would )ic easy to 

* Tlus iR lUJ Inthan , the 'f'l v iflea oi^ nhii ii is rnougl^ tu muk« one 
shnd<lpr- A in in !■? ptirr^ in % Iaijjp bask'^t, <) bv a pwthy to a rope, 

which ife eiWndcU fu*ni »hc one skIp of n ton< nt to the oihnr The basket and 
wipe arc both c’oiwtinct^'cl wt those cre^j/ins: jiKints, ivbirh the irihubitanU ol 
Amerif a cmpluv m .iUnost all lUcir woik'. At. ‘ a--' ihc man has pfbt into 
the machine, it j'» drawn over to the oppoj-itr b} mrans ot n rope 
to the pulley. !f the mpr, u-cd f'-i fhft machiiir, 

should brcitky the naan niu‘'t remain fcU'>pf'ndt<l Sir s >mi* hours, until means 
hAX€ been found to rdkve him from ho painful isituiviou. 
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arrange the vouh^soiri of a bridge ot thk a 

manner that, in case of necessity , atiy one of tbefi^Jl^bt 
be taken out, in order to subbtitnte pother in ; 

which would atford the meaus of inaking aU ihe WceaWy 
repairs. . \ . . , , 

FHOIiLEM XIII. ' ? ‘ 

Is it possible to construct a Plat-bandy or FrarnCy which shall 
have 710 lateral thrust ? 

Tt would bo of great advantage to be able to execute a 
woik of this kind , for one of the < stacles winch architects 
experience, iihen they employ columns, aiises from the 
thrust oC tlieir arcintraves, which n‘(]uiieb that the lateral 
columns sliould be stieiigiheucd l)V ditleieut means. This 
embarrassment they are [lauicularly liable to, when they 
make detached porches to project before an edifice, like, 
that of Saiute-GeneviLve : the tno (rames, that of the face 
and tlie sule, exert such a push on the anguUr column or 
columns, tliat it is \cry dilficnlt to secuic them ; and it is 
even somctmies uecossarN to renounce them, if stones 
cannot be iound sufiieicntly large to make archiuaves of 
one pKcis lrv)ui column to column, at least m the spaces 
nearest the angles. 

These difficulties would be obviatt‘d, if frames could be 
made without any thrust. This vc do not think iajpo&sibJe; 
and wc propose the problem to architects in the hope tliat 
some of them will be able to solve it. 

PROULFM XIV. 

Is it a perfciiion, in the Church of St. Peter at PomCy that 
those xeho see it y for the first timcy do not think it so large 
as it really is; and that it appears of its real nuignitxide 
after they have gone over it Y 

Though we announced, jn the beginning of this worl;, 
that Ave meant to exclude from it whatever was mer^ 
matter of taste ; as the above question is connected with 



reasons^Ave are of opinion that 

It i||^bettdtnitted. ' :x 

7^,iii^pfes8i(Hi w the church of St. Peter at Rome 
makes^ on the first view, has been boasted of a<i a per- 
fection, .Every as far as wc have liearil or ivad, 

who enters this edifice, for the first time, conceives the 
extent of it to be far less than it n> generally a<'eounted to 
be by public rcjiori. To have a just ulea of its grandeur, 
one must have seen, and in some measure studieil, every 
part of it. 

Before we venture to say any thing decisive on this 
subject. It may pcrliaps b(‘ of some iis(' to examine the 
causes of this first impression. In our opinion, it arises 
from two sources. 

The fust !.-> the small number of principal parts into 
which tliis immense edifice is divnled , for, from the 
entrance to the inuldlc, which con^tuntes the donu', there 
arc only three lateral arcades. lUii, tliougli dividing a 
large mass into many small paits tends, in g'*'j(*ral, to 
diminish its etfect, there is still a medium to he observed ; 
and it appears to us tliat Michael Angelo kept too far 
below It. 

The second cause of the impression which we here ex* 
amine, is the excessive si/.c of thi* figures and ornaments, 
which serve as appendages to the principal pints. Wc 
can indeed jinlge of the size of objects be 3 oiid f>ur reach, 
onlv by comparing them with neighbouring objects, the 
dimensions of winch are familiar to us. Hut i( these ob- 
jects, the dimensions ol Aihicli aie known, oi are nearly 
given by nature, accoinpanv utheis to wliieh they have a 
ratio that appruache:> too near to equality, it must neces- 
sarily follow that the latter, in the iiiiagniation of the 
spectator, will lose a part of their iiifignuudc. Such ts the 
case with the church of St. Pefer r.t Horne; the figures 
placed in niches, wdiich decorate the ‘^jiaces hctwerui the 
pillars of the arcades ; those between tuc pilasters and 
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those which ornament lb4 

ari' truly gigantic j but thej? are'^iilib^ 

besicics, for the most parr, rab)^vet^b)^h*$ dmi^e^Witly 

tliey-appear less, atid make the pria^lpal 

accompany to appear le<is also. ^ ^'‘ 

By some people, this illusion is to be a 

niuster-piece of the art and genius of the celebrated 
aicfutect, tlie principal author of this monument. SliAll 
we be permitted to dirtbr from them? For what is the 
object which the constiuctorvs of tWs immense edifice had 
in view; ajid wln< h will be the m of all those who rdisc 
edifices that exceed the iniual measures? Doubtless to 
excite astonishm<-iit and admiration. Wc arc convinced 
that Michael Angelo would hd\e bcCii much mortified, 
had be hoard a ‘'trafiger, just aruved at Home, aiid enter- 
ing St. Peter’s lor the first time, say publiciv ; This is 
the church respoetiug the immensity of which we have 
heard so much; it is a large budding ; but not so large as 
generally reported.” 

In oiir opinion, it would display much more ingenuity to 
construct an edifice which, tliough of a moderate sixe, 
should immediately excite in the mind tlic idea of consider- 
ttble extent; than to construct an immense one which, on 
the first view, shoulil appear of a moderate size. We do 
not think that on this subject there can be any difibrence 
of opinion. Whatever then may be the perfection, which 
it must be allowed the clmrch of St. l^cter possesses, so far 

Itarmony of proportion, beauty and magnificence of 
architecture, ai-e concerned, we are of opinion that Michaci 
AngOlo missed his aim in regard to the object in questi<!>n; 
and it is probable that ho would have approached mudi 
nearer to it, hjid be employed less gigantic appendages. 
If the children, for example, which support the 
liad been ot less size; if the figures which accompany the 


^ B^n^tjorg are hv hoUVinf holy-water. 
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aichkvauUs ()1 Ills latviral arcatles, as villas those Avhicli 
decorate liic iiicliea between the pila^teis, had been on a 
scale not so enormous, a comparision ui llie one with the 
other would have made the pinuipa! paif. appear miicli 
greater. Those who tnin tiuMi* i*ve'i tuan tlKs(‘ moantic 
'jbjects, and direct iliem t‘)wards ii man r...ai tlie niuLlle, or 
'it the ('\tu‘mitv of the c huieli, (xjuneuce this elb’ct * it 
<s tlien, In ( onip.ti inj» tliiir own 'i/o willi that c>l the 
])i inci[ial pal tb of the editiee in the in i^dihvjui hood, i lint 
tney begin to form an idea of its extent, c'lul art' stiuck 
with astonishnu'iit ; but tb»s sec ond unnie^sion sthe cdlcet 
nt a scat of leasonmg, and the *^c‘nsition, w iien pioiluc*(*d 
111 this ni.innc'r, has not tlie sainc^ eiiei m , a^ wlien il is the 
ellec.t c'f a first \ jovv\ 

Willie uc* are on th‘s sidijcal, we shall t <he the liberty 
of ofJennn a few c»hsei \ations cai t!ie o'- 1 1 cnlari’iMg, 

as we imn an\ sp.u e by l!u’ Ip •' ili(‘ enagf nation. 
In oiu opinion, nothing cont nbnie" ni k to prcidiua* this 
eilect, than insulated col nuns, llnu i. to ^13’ < 

not rcigulailv conneeted; for, when coiif>lc;d or oioiipi*d, 
they aiwats pioduee tins cileei nnne o' le s, though it 
would dou’otless be- much better te» ( nn)!o\ uierii single, 
rhe le^ailt i , that e\ciry time thc'peeiator ohmn^e. h]'> 
position, (liiic rent opening 1 occ ui ^ and .. \aiiL.> a^pech 
which astonish and decc'ive the imagi ta^u'n. 

But when columns are employed, In w nude 1 -iiielarge^ 
for in the same degree as the\ n iv\ e nri;'-stK appear- 
ance when constructed 011 a grand se. i'e, they are, in 0111 
opinion, mean and clirnmutivc' wiien small, and partienlarly 
wlien suppoiLcd on pccIesUls. Tiie c./iirt ol the 1 oiivici, 
tliough in othei lespeets lieaiUdu', vconh! ha\e a rmieh 
more striking effect, if the c.oluuiii., in >tead o! bcaiig 
mounted on meagre pcdestalr, lose (rorn the ground sup- 
poitcd merely 1 )V a socle, like thoso in some of tne ■vesti- 
bules of that jialace. One mig! t almoa sa> , and iheic 1% 
some icaisoa to think, tliat pedestals were invented to 
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jcndcr fit for use columns collected at hazard^ and which 
h.ivx' iK)t the u*(jinsitc dimensions. 

If Michael Anj^clo then, instea«l of forming his lateral 
sj>ciees ol* immense arcades suppoited bv pillars, decorated 
vith pilasters, had emjiloycd groupes of columns; if in- 
stead of phieing only three row of lateral arcades, between 
tbc cut lance and tlu part ol tiie dome, lie had placed a 
greater miinber, w Inch this arrangement would liave allow- 
ed liirn to do, and if the iiguies employed amidst this 
derm 4it ion litid not far exceeded tiic natural uizc, w^e entcr- 
t.un no doubt that the spectato* would have been struck 
with astoiusUmeiit on tbc first ' new, and that t!ie eddn-e 
would have apj)ear<‘cl niiieb hug* i. 

Jkit It IS to be obser vcti, at tiu* same lime, ilial tlu‘ know- 
ledge wliicli we iKOv possess, in regaul to the rc'sistance of 
ruateri«ds, and the phdosoplr, or inetliamc.il pait of arclii- 
teeUire, was not known at the lime when Mtcliael Angelo 
lived. It IS piobable tlnit lu durst not venture to load 
colimuis, even when grouped, with a weight so consider- 
able as lliat wIiK'b he liad to uuse upcai these pdlai.',. Hut 
It Is [>ioved, bv late espciiments in legaid to stones, that 
Uieie is no weight that an insulated ecdumn, six feet lu 
diameter, made ol very bard stone, well tl)o*>cn and pre- 
pared, is not capable ol siipportmir. Oui ancient churches, 
called iinj:)ioperly <ue a proof of it; for there are 

some ol them, the wlnde mass of which rests on pillars 
scaiceh six ti*ct in diainetei , ami oiten less: they there- 
fore in general convey an idea of extent, winch the Greek 
architectuie, cinployod in the same places, docs not 
excite. 
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MATIIEMATICi^L 


AND 

PHILOSOPHICAL 


RECREATIONS. 


PART TENTH. 

Containing tht -most curious and amusing operations in 
regal'd to Pyrotahny, 

Why it has been usual to consider pyrotecliny as a 
branch ol the mathematics, wc do not know. The. least 
reflection will readdy show, that it is an art by no means 
mathematical, though dimensions, proportions, &c, are 
employed in u. There are a great dumber of other arts 
which have a much better claim to be included among 
these sciences. 

However, as we might be blamed for omitting an art 
which affords a considerable field lor amusement, and as 
it IS connected, at least, with natural philosophy, wc shall 
make it the subject of one ol the divisions of this work. 
But as we do not intend to give a complete treatise of 
pyrotechnv, we shall confine ourselves to those parts 
which are most common and most curious ; we shall also 
avoid every thing that relates to tlic fatal art of destroying 
men. We can see no amusement m the motion of a bullet. 
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which carries off files of soldiers, nor in the action ot 
bomb or shell that sets fire to a town. The preceding 
editors and continuators of Ozanam, seem to have possessed 
a very military spirit, if they considered all these things 
as harmless recreation. For our part, having imbibed 
other principles in that happy country, Pennsylvania, we 
shudder even at the idea of introducing such atrocities 
under the form of amusement. 

I*yrol(‘chny, as we consider it in this work, is the art of 
managing fire, and of making, b^ means of gunpowder 
and other inflammable substance* ^ various compositions, 
agreeable to the eye, both by tlioir form and their splen- 
dour. Of this kind are rockets, serpents, sheaves of fire, 
fixed or revolving suns, and other pieces employed in 
decorations and fire-works. 

Gunpowder being the most common ingredient in pyro- 
techny, we shall begin with an account of its composition* 

AKTICI.E I. 

Of Gunpowder. 

Gunpowder is a composition of sulphur, saltpetre, aixl 
pounded charcoal : these three ingredients mixed together, 
in the proper quantities, form a substance exceedingly ui* 
flammable, and of such a nature, that the discovery of it 
could be owing only to chance. A single spark is sufficient 
to inflame, in an instant, the largest mass of this compo- 
sition. The expansion, suddenly communicated either to 
the air, lodged in the interstices of the grains of which it 
consists, or to the nitrous acid which is one of the elements 
of the saltpetre, produces an effort which nothing can 
resist ; and the most ponderous masses are driven before 
it with inconceivable velocity. We must however observe 
that this invention, to which the epithet of diabolical is fre- 
quentlv applied, is not so destructive to the human race as 
it might at first ajipear : battles seem to have been attend- 
ed with less slaughter since gunpowder began to be used^ 
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Mar^hll Sbxei the 
fire duritig-a Mttle» 
fifeltficutiont tliey imkev 
ni'hen well dicect^: l^t 

U8 TigiiimLt^ give an account pf ti^ie process 

for ' 

Suipbuf m foQi>4 rettjjiy formed^ and ahx^<»st in its last 
degree of purity, in volcanic productions* > It is found 
abo^ and much more frequently, in the state ot sulphuric 
aciclf that is to say combined with oxygen: it is in this 
state that it is found ici argil, gypsum, &c. It may be 
extracted likewise from vegetable subsUnces and animal 
matters; 

To purify sulphur, melt it in an iron pan ; by which 
means the earthy and metallic parts wilt be precipitated; 
and then pour it into a copper-ki^ttle, where it will form 
another deposit of tlie foreign matiurs, with w inch it is 
mixed* After keeping it m fusion some time, pour it into 
cyhndric w'ooden moulds, in order that it may he formed 


into Sticks. 

^ Saltpetre, ot^ as it is called in the modern cheiuistr}', 
nitrate of poush, exists m a natural staUi, hut in small 
quantities. It is found sometimes at the surface of tlio 
ground, as in India, and sometimes on the surface of cal. 
careous walls, the roofs of cellars,’ under the arches of 
bridges, 8tCi 

To extract the saltpetre from the lune of walls, or otlicr 
earths impregnated with it, the earths arc put into casks, 
placed ou timbers, and water is poured over them to the 
height of abodt three inches. When the water 1ms fc- 
mained in that state jStve or six hours, it is suffered to ifiurt 
off, by apQ^ures made m the bottom of the casks, fr^ 
irhicb it fyih into a <gnttet: that cbnveys it to a comnipn 
reservoir sunk in the earth, When the sediment has b<^n 
deposited^ the clear Jiqupr4s drawn off mto a proper 
ia order 
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When the liquor 
at it evaporates, there is 
and then munate of soda. 

evaporated, put a drop of it of eok) mm^nd if 

it becomes fixed, and assumes a glabt|l^|ii»rofi, 

it is time to slactien the fire. be left 

at rest for twenty-four hours, after wl^ch it is run off, and 
set to crystallize. 

It IS needless to describe charcoal, as it is every where 
known. We shall only observe, thnt the charcoal found 
by experience to be fittest for the a .uposition of gunpow- 
der, is that made from the alder, willow, or black dog- 
wood. 


To make gunpowder, mix together G parts of pounded 
nitre, well purified, 1 part of pounded sulphur, exceed** 
ingly pure, and 1 part of pounded charcoal, adding a 
quantity of water sufficient to reduce them to a soft paste. 
Put the whole into a wooden or copper mortar, and with 
a pestle of the same materials, to prevent infiammation, 
pound these ingredients for 24 hours, to mix them tho* 
roughly ; takings care to keep them always moderately 
moist. When they are well incorporated, pour the mass 
upon a sieve pierced with small holes of the size which 
you intend to give to the grains of the powder. If it be 
then pressed, shaking the sieve, it will pass through in 
grains, which must be dried in the sun or over a stove 
without fire. When dry, it ought to be put into vessels 
capable of preserving it from moisture. 

Every one knows that, in consequence of the great con- 
sumption of gunpowder, certain machines, called p<mder 
thUIsj have been invented. These machines consist of a 
beam turned by means of a water wheel, and furnislied 
with a great number of projecting arms, which raise up 
and let f.ill in succession a senes of pestles or stampers, 
below hich are placed copper vessels or mortars contain- 
ing the matter to be pounded and incorporated. These 
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igreeab]e aeigfabotirs ; 
uioRs taken 9 there arc few 
fbe or other blow up, 0 ^ 
to be erected at a disti^tiq^l 

fta#of chemistry has introduced ^ome 
improvements in the art of making gunpowder, we shall 
here, in addition to what has been above said, give the 
following account of the process employed for this pur* 
pose in some oi the English manufactories. 

Gunpowder is made of three ingredients : salt-petre, 
charcoal, and brimstone; \\hieli are combined in the fot*? 
lowing ])ro])ortions : lor each 100 parts of gunpowder, 
saltpetre 75 jiarts, charcoal 15, and snlpliui 10, 

The saltpetre is either that importeil princtpally from 
tbc East Indies, or that which has been extracted irona da* 
maged gunpowder. It is refined by solution, hitratiopf 
evaporation, and crystallization j alter wdiich it is fused $ 
taking care not to use too much heat, that there may be 
jio danger ot decomposing the nitre. 

The sulphur used, is that winch is imported from Sicily, 
and is refined by melting and skimnung , the most impure 
is refineil by sulihmation. 

Tile dial coal formerly used m this maiiufirlure, was 
made by cliarrmg wood in the usu«*r manner. Tins mode 
is called charring in pits. The wood is cut into pieces of 
about three feet in length j if is then piled on tbc ground^ 
in a circular form, three, four, or live cords of wood makiog 
what IS called a pit, and tlien covered wuh straw, fern, 8tc, 
kept down by earth or sand » and vent^-lioies are made, 
may be necessary, in older to give it air. As thu method 
is uncertain and defective, the duircoal now used in Uie 
iiiaDu£u:tt}rlng of gunpowder, is made in the followii^ 
manner. The wood to be charred is hist cut into pias^s 
of about mm inches in lengthy and put into an iron cyHb? 
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der is then closely stopped 

pipes connected with casks. the 

cylinder, the pyro-ligneous 
portion of hydrogen gas, 

and tlie acid liquor is collected in^e casl^'^^Ero nre is 
kept up till no more gas or liquor over, and the 

carbon remains in the cylinder. 

The several ingredients, being tfiiis prepared, are ready 
for niainihLcturing. They are first round separately to a 
fine powder; they arc then mixed .otrerher in the proper 
proportions; and the composition in this state is sent to 
the gunpowder null, which consists of two stones placed 
vertically, and running on a bed-stone. On this bed-stone 
the composition is spread out, and moistened with as small 
a quant of water as will reduce it to a proper body, but 
not to a paste: ufteT the stone runner.? have made the pro- 
per revolution^ over it, it may then be taken off, 

A powder mill is u slight wooden building, with a 
boarded roof. Only about 40 or 50 lb. of composition is 
Avorked here at a time, as explosions may happen l)y the 
runners and bed-stone corning into contact, and even from 
other causes. Tlic^c mills arc worked either by water or 
by horses. 

The composition, when taken from the mill, is sent to 
the corning house, to be corned or grained. Here it is 
first formed into a hard and firm mass, it is then broken 
into small lumps, and afterwards grained, by these lumps 
being [int into sieves, in each of which is a flat circular 
piece of lignum vita'. The sieves are made of parchment 
skills^ having round holes punched through them. Se- 
wral of these sieves are fixed in a frame, winch by proper 
machinery has such a motion given to it, as to make the 
lignum vitae runner in each sieve go round with great ve- 
iocity, so as to break the lumps of powder, and by forcing 






i it grams of several sizes, 
from the dust by sieves and 


rdened, and the rougher edges 
a sufficient time jm a dose 
direction wiili a groper velocit3\ 

The powder for^uns, mortars, and small arms, is gene- 
rally made at one iime, and always of the same composi- 
tion* The only difference is in the size of the grains, 
which are separated by sieves of different fineness. 

The gunpowflei thus corned, dusted and reeled, which 
is called glazing, as it gives it a ^mall degree of gloss, is 
then sent to the stove and vlricd ; care being taken not to 
raise the lieat so much to decompose the sulphur. Tlie 
heat is regulated by a tlieruionieter placed in the door of 
the stoves, if dried in a gloom-stove^. 

A gunpowder stove dries the powder either by steam or 
by the heat from an iron gloom, the powder being spread 
out on cases, plac cd on proper supports around the room. 

If giin[)owder is injured by damp in a small degree, it 
may be lecovercd b) again drymgit in a stove; but if the 
ingredients are decomposed, the nitre niiist be extracted, 
and the gunpos^der rc-manufactured. 

There arc several methods of proving and ir3'ing the 
goodness and strcngtli of gunpowder. I’he following is 
one by ^vhit h a tolerably good idea may be ionned of its 
purity, and also some conclusion as to its strength. 

Lay t^^o or three small heaps, about a dram or two of 


• This»lciu*l of stove consists of a large caU-iion vessel, projecting into 
one Side of a room, and h»*ated Iroro the out ode, tiit it absolutely glows. 
From the construrtion it is hardly posable that fire can be thrown from the 
gloom, a» it is called; but stoves htaUd by sccttm^passtn^ through st^in- 
tight tubes, or otherwise, ought ccnamly to be pr«n ned , for the roost cau- 
tioas workman may stunihlc, and if be hat a case of powder m his liarid, 
some of it may be thrown upon the glonrn; and it tt not improbable that 
some of the accidents which have bappened to powder mills may hawl^aeiii 
occasioned in this manner. 
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the powder, on separa^ppiec 
fire one of them by a red ho| 
rapidly, with a good report, 
white specks, and without bu 
sparks fly off and set fire to the 
ness of the ingredients and propS^ 

n r I ' ■ 

powder may be safely inferred ; hut if otberMse, it is 
either badly made, or the ingredients afe impure. 

The editor of this English edition of the Recreations, ha» 
been fortunate enough to succeed in constructing the most 
convenient and most accurate eprou^ tte that has perhaps 
ever been contrivcfl, for accurately determining the com- 
parative strength of gunpowder. !t consists of a smaH 
cannon, or gun, susjiended freely, lifee a pendulum, with 
the axis of the gun honzonuL Tins being charged with 
the proper chaigc of powder, and then hred, the gim 
swings, or reeoils backward, and the instrument itself 
shows the extent of the first oi greatest vibration, which 
indicates the strength to the utmost nicety. 

Having thus given an account of almost every thing ne- 
cessary to l)c known in regard to the proce:>s for making 
gunpowder, we sliall now say a few words respecting the 
physical causes of its luflamination and exploding. 

Gunpowder being composed of the above ingredients, 
when a spark, struck from a piece of flint and steel, falls 
on this mixture, it sets lire to a certain poition of the 
charcoal, a?id the inflamed charcoal causes the nitre with 
wdiich it is mixed or in contact to detonate, and also the 
sul})hur, the combustibility of which is well known. Por- 
tions of the cliaicoal contiguous to ilie former take fire m 
like manner, and produce the same effect in regard to tlie 
surrounding mass tlius the first portion inflamed^ inflame# 
a hundred others , these humlrcd comxnunicatc theiufl#iii* 
mation to ten thousand ; the ten thousand to a and 

so on. It may be easily conceived that ati inflammation^ 
the progress of which is so rapid, cannot feul to extend it- 



c, from the one cxtrc- 


of this inf] immationi that 
S' tvith much more rapidity than 
The lattiT onl\ puff> away 
Hef\ik('s fire alm(»st u^sUmUueou^ly ; 
and of the^granulated finds ot (pinpOMder, that in round 
graims, Jjke the SwisI powder, inHami j* »oon(r than tha^in 
oblong irregular grains, like the FiTiich. The reason ot 
this is, that the former leaves to the flame of the giains, 
first inflamed, larger and fieer interstices, which produce 
the inflammation with more rapidity. 

In regard to the expaiibiun of mflaincd gunpowder, is it 
occasioned by the air interposed between its grains, or bjr 
the aqueous fluid wbith enters into the compohition of the 
nitre? Wc doubt imicli wlierher it be the air, as its ex- 
pansibility does not seem sufhcient toe\pla.n the phenome- 
non; but we know tnat water when convened into vapour 
by the contact of heat, occupies a spact' 1 K)00 times 
greater than its original bulk, and tliat its force is very 
considerable. 

In tlie loregoing account however Montne’a seems to 
have missed the true cause of tnc expansive lon,c ol fired 
gunpowder, the discovery of which is chiefly due to the 
English philosophers, and particularly to the learned and 
ingenious Mr Rooms. This author apprehends iliat the 
force of fired gunpowder con^sts in the action of a perma- 
nently elastic fluid, suddenly disengaged from the powder 
by the combustion, snuilar m some resp» cis to connnon at- 
mospheric air, at least as t ) elasticity. He showed, by 
satisfactory experiments, that a fluid of this kind is actually 
disengaged by firing the powder ; and dial it is perma- 
elastic, or retains its elasticity wiien cold, the force 
of which he measureiJ m this state. He also measured the 
forde of it when ififlained, by a most iiigeiiious method, and 
found its^trengtb in that state to be about a thousand tames 











even ‘sulphurated hydrogrcn 
smell emitted by burnt pow- 


m 

der, 

therefore to believe irt 
; that is a kind of pow- 
der wh>c]^^i|>efs a balj without aiiv nojs>p ; for there can 
be no force without sudden expansion, nor sudden expan- 
sion without a eoncushion of the air, which produce’^ 
sound. ■ T 

‘ j* 

II. It was childish to give precepts, as in the preceding 
editions of this work, for making rerl, hino, green, &C, 
gunpowder ; as thev could answer no good purpose. 

Wc shall now proceed to our principal ohjcTt, the con- 
strnction of the most comaion and curious pieces* of Hfc* 
works. 


AaiK’t i: ir 

CoiutruUion of the Curtndi^ch of Rockets. 

A rocket is a cartridge oi case made ol paper, which 
being filled in pan wnli gunpow'dei , sjIt[K'trv , and char- 
coal, rises of Itself into the air, when fne is applied to it. 

There are tliree kinds of rockou small om^s, the calibre* 
of which docs not exceed a pound */nllet; that is to say, 
the orifice of them is ecpial to the diameter of a leaden 
bullet which weighs only a pound : for the calibres, or ori- 
fices of the moulds or models uscti in making lockets, arc 
measured by the diameters of leaden bullets. Middle 
sized rockets, equal to the size of a hall of from one to 
three pounds. And large rockets, equal to a ball of from 
three to a hundred pounds. 

To give the cartridges the same length and thickness, in 
order that any number of rockets may be ]>reparcd of the 
same size and force, they are put into a hollow cylinder 
of strong wood, called a mould. This mould is .sometimes 





bard wood. 

' Tbi$ mould mufifc not be 

of woody called the former or ron^<^^M|||H^Hnp3led 
tbe thick paper employed to make^be!^W iBB 
calibre of the mould be divided in^ d equid plpi lue di^ 
ameter of the roller must be equal to these parta. See 
fig. 1 pi. 1, where a is the mould, and b the roller. The 
vacuity between the roll^'and the interior sutface of the 
mould, that is to say of the caliber of the mould, will be 
exactly filled by the cartridge. 

As rockets are made of different sizes, moulds of diflfer* 
cut lengths and diameters must be provided. The calibre 
of a cannon is nothing else than die diameter of its mouth ; 
and we here apply the same term to the diameter of the 
aperture of the mould. 

The size of the mould is measured by its calibre ; but 
the length of the moulds for different rockets, does not al«* 
wa)>^ bear the same proportion to the calibre, the length 
being diminished as the calibre is increased. The length 
of the mould for small rockets ought to be six times the 
calibre, but for rockets of the mean and larger sizet it wilt ^ 
be sufficient if the length of the mould be five times or even 
four times the calibre of the moulds. 

At the end of this section we shall give two tables, one 
of which contains the calibres of moulds below a pound 
bullet ; and the other the calibres from a pound to a hun^ 


dred pounds bullet. 

For making the cartridges, large stiff paper is employedU 
Tt£s paper is wrapped round the roller b, fig. 1 pU I, and 
then cemented by mekns of common paste* The thidknesi 
of the paper when rolled up in this manner; 4mglit to 4>e/ 
about dbe eighth and a half of the calibre of the moaldi^ac* 
cordhig to the proportion given to tbe diametor 
reltAn hot if the ffiaaneter of the rolfer be it 



of eam^clgo 

that calibre. * ^ 

1, die roller b U drawn 
upifl it is distant from tli6 edge oC 
Sgdiof its diameter. A piece of 
to pass ijwicJe round the cartridge at the tfx* 

‘ tlio roIlei> And into the vacuity left in the car* 
tridge^ another roller is introduced^ so as to leave some 
space between the two. One of the pack-thread muse 
be fastened to something fixed, and the other to a sticfc; 
conveyed between tlie legs, and placed in such a mannertt 
as to be behind the person who choaks the cartridge, The 
cord is then to be stretched by retiring backwards, and 
cartridge must be pinched until there remains only afv 
aperture capable of admitting the piercer ob. The covd^ 
employed for pinching it is then removed, and its place ia 
supplied by a piece of pack-thread, whicli must be drawn 
very tight, pavssmg it several tmics around the cartridge^ 
after which it is secured by means of running knots made^ 
one above the other. ‘ 

Besides the roller b, a rod c, pi. 1 fig* 1, is used, wlnck 
being employed to load the cartridge, must be somewhat 
smaller than the roller, in order that it may be easily in-- 
troduced into the cartridge. The rod c is pierced length* 
wise, to a sufficient depth to rcccivethc piercer »I5, which 
must enter into the mould a, and unite with U exactly wt 
its lower part. The piercer^ which decreases in size, is, 
introduced into the cartridge through the part wbere^k bee , 
been choabed^ and serves to preserve a cavity 
Its length,, besides the nipple or button, mnst be ^ 
about twtkthirils that of the mould* Lastly, if the 
ness of the base be a fourth port of the caltbte/of . tbb > 
mould, the point must be made equal to a sixth of 
cidibre. ' 

vK is uvident that ttere must be at least three rods, su^n 
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^erc]6r, io order that th^ 
tneansi df a tnalleli itiay be 
the wbote'Jteftgth of the 
ceked also, that these rods « 
hard wood, to resist the strokes of the 
lo loading rockets^ it rs more convenient not 
a forcer. When loaded on a nipple, withoat a piercer, 
by means of one massy r^, they are pierced with a bit and 
a piercer fitted into the elid of a bit-brace. Care however 
must be taken to make this hole sr to the proportion 
S^ssigned for the diminution of the piercer. That fe to 
say, the extremity ot the ^lole at the choaked part of die 
cartridge, ought to be about a fourth of the calibre of the 
mould ; and the extremity of the hole which is in the inside 
for about two thirds of the length of the rocket, bUght to 
be a sixth of ihe calibre. This hole must pass directly 
through the middle of the rocket. In short, experience 
and ingenuity will suggest what is most convenient, and 
in whaf'manner the method of loading rockets^ which we 
shall here explain, may be varied. 

Ai^erthe cartridge is placed in the mould, pour gradti^ 
ally into^it the prepared composition ; taking care to pour 
only two spoonfuls at a time, and to ram it immediately 
down with ihe rod c, striking it in a perpendicular direct 
tion with a mallet of a proper size, and giving an equal 
Utimber of itiokes, for example, 3 or 4*, each^tioie that n 
new quantity of the composition is poured in. " ' 
When the cartridge is about half filled, sepiiriite iHih a 
bodkifi the half of the folds of the paper Which reemfins, antt 
having turned them back on the compositKm, press them 
down with the rod and afew strokes of the IqiJieti 
to oempress the paper op the composittoiT. ' 

TiUn piUrc^ three or four holes iu the folded by 
means of a piercer, which must be'nttd64o pette&ate^tL 








‘ ‘ oominaiileatH^ bptvecp t^ 


Ri^h bias been ieft ^ 

. vacuity is filled ivrith 

powl^^lPlIliwvcg te let them off: they are thtn^ot^eiK 
ed with and pinched in the same manner as 

other extremity. But in other rockets, the pot oantalilng 
st^rs^ serpents, and running rofjkets, is adapted to iti^^ 
mill be shown hereafter. ^ . . vr 


It may be sufficient however to make, with a bit ev 
piOtceri only one bole, which must be neither too large 
i;ior too small, such as a fourth part of the^diametme of the 
rocket, to set fire to the powder^ taking care that this hole 
be. as straight as possible, and exactly in the middle the 
composition. A little of the composition of the roOkcO 
must be put into these holes, that the fire may not fail to 
.)ie communicated to iu - ^ 

It now remains to affix the rocket to its rod, which ^hi 
done in the following manner. When the lookei^ has been 
constructed as above described, make fast to it a roil^cdf 


light wood, such as fir or willow, broad and flat at tbn end 
next tlie rocket^ and decreasing towards the other* > It 
must be as straight and free fro^n knots as possible, and 
ought to be dressed, if necessary, with a plauor Iti 
length and weight must be proportioned to the f oohet ; 
that ia to say, it ought to be six, seven, or eight feet long, 
so as to remain in equilibrium with it, when auspeudi^ oa 
the^pger, within an inch or au inch and a half of tbedieclr^ 
3eforcit ia filed, i^ the neck downwards, |k^ 
pn two nails, i»; » direction perpendicuUr %p tha 
ascend streightm' and to^a geeater 
^igbt^ a^pt summit a a pointed cap or top,gs^ 

cnade of O0mmoii.4iaper,i^iihieh wUl ^erre In faailil^ 

j0as«agp ^pvghl^®i^^ * . . , ^ 


Thie^ pocl^ets in ^^oeral ar# 
manner, several otfaer thm^ 
der them more a^teeable^ sneh^fePfe^ihitfl^P^ 
which ia a boa of tin-plate, 
placed on the summit. The petard 
compofiitiou, at the end where it has been mwil|i awthe 
remaining paper ofthe cartridge is folded down over it to 
keefi It firnv The petard produces its efltect when the 
rocket is in tlie atr and the composition is consuttied. 

Stars, golden rain, serpents, saucissons, and several other 
amusing things, the composition of « hich wc sball explain 
hereafter, are also added to them. This is done by adjusts 
ing to the bead of the rocket, an empty pot or cartridge, 
much larger than the rocket, in order that it may contaifi 
serpents, stars, and various other appendages, to render it 
more beautiful. 

Rockets may be made to rise into the air without rods. 
For this purpose four Wings must be attached to them in 
the form of a cross, and similar to those seen on arrows ot 
dm., as represented at a plate 1 fig. S. In length, tiKM 
wings must be equal to two*tbirds that of the rocket $ thdir 
breadth towards the bottom should be half their leDglb* 
and their thickness ought to be eqnal to that of a card. \Bhit 
this oiethod of making rockets ascend is less certain, a^ 
more ineotrvenieiR than that where a rod is used ; and |ier 
tMs reason it is rarely employed. 

We shall now show the method of finding the diauKhsi^s 
or calibre of rockets, according to their wmght; but we 
nrast first observe that a pound rocket, is that jtttt capdble 
e£ admitting a leaden ballet of a pound weigfac, Uid so 
the rest. The calibre for the diferent siaes ttaj^ be foond 
by' the two fcdlowing tables, one of arhicb ia eadoidaleil^li 
rockets of a pound weight and below { and , 

those from a pound weiffat to so pota^ . > ' • 





^ 



Drams. 

Linos. 


'• i9l 

14 

7J- 

12 

i7. 

12 

7 , 


15 

10 


7 

14.| 

^8 

eh 

^ 6 

14J 

G 

Si 

5 

I'J 

4 

a 

4 

m 

2 

s'i 

3 

lU 


2 

9k 



1 

i 

6i 




The use of thw table will be understood merclj^ by in^ . 
spig^tion % for it evident tliat a rocket of 12 oatieen oiaghti 
to jbe 17 Jinei# in diameter j one of B ouncoi*^ 15 Un 69 ^ 
of iO drams, 6' lines; and so of the rest. 

Qa the other iiand^ if the diameter of th0 rocketi be 
giv(^^. i(; will be easy to find the weight of the ball correr 
speeding to that calibre^ For exaogqple, if tlie diameter b«v 
IB hh^ it will be^, imroediatoly seen, by looking for that 
number in tiie column of Jiiie% thsA it correaponda to a bail 
of^ ^ce^ 

'■i 


c o 
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The tise of the second table is as follows : If the of 

the ball be given, which we shall suppose to be 24 pbulfds, 
seek for that number in the column of pounds, and oppo- 
site to it, in the column of calibres, will be found the ount- 
ber 288. Then say, as 100 is to 19i, so is 288 to ^ foprth 
term, which will be the number of lines of the calibre re- 
quired ; or multiply the number found, that is 288, by 19 J, 
and from the product 56 16, cut oft' the two i^t figures : 
the required calibre therefore will be 56; 16 Uqes,. or 4 
inches 8 lines, . , , , 

pn the other hand, the calibre being given in 
weight of the ball may be found with equal ease:, u. the 
calibre, for example, be28 lines, say jia spi^ IQO 
,to a fourth terra, which will bpi43:5y Ojr ^144, ^ But 
in the ahoye table, oppoifite to l44,in fbe 
wiirbe found, the number 3 in thp ^st ^ ]l^ 

a rocket, the diaraetei; hr calibre of whidb k zi U$mJ» a 
roc^e^ of a 3 pquadf fmU.^ 
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' ItHoLS in. 

RocketSy and the laiaiffiner of 
ing them, 

c<^^plion of the jjowder for tocfeets must be dif- 
ferent, according to the different sisse^ ; a$ that proper^ for 
small rockets, uould be jloo strong for large ones. This 
is a fact respecting which almost all the makers of iireh» 
M^orks arc agreed. The qiuritftics of the ingredients,, 
which experience has shown to be the best, are follpw : 



* For rotkeh capabU of contaimng 1 or 2 ounces of composition. 

To one pound of giinpondor, add two ounces of soft 
charcoal ; or to one pound of gunpowder, a pound of the 
coarse powder used for c.innun ; or to 9 ounces of gun- 
powder, 2 ounces of charcoal ; or lo a |K>und of gun- 
powder, an ounce and a half of salriictre, and as much 
charcoal 


/hr rockets ef two or three ounces. 

To 4 ounces of gunpowder, add an ounce of charcoal; 
or to 9 ounces of powder, add 2 ounces of saltpetre. 

/hr a rocket four oujues. ' 

To '4 pounds of gunpowder, add a pound of saltpetrei 
arid 4 ohoces of charcoal : you may add also, if you ehocae, 
half an ounce of sulphur; or to one pound two ounces and 
a Italf of gunpowder, add 4 ounces of saltpetre, and 9 
biiftces’W charcoal ; or to a pound of powder, add 4 
' odhees of Siiltpetre, and one ounce of charcoal ; or to 
^ounces ^ gtmptowder, add 4 ounces of saltpetre', and the 
fattte't^at^t^'of charcoal ; or to 9 ouiichU and a half of 
*gin4jSWdei',''add 10 ounces of ‘saltpetre, and 3 ounces and 
“a halfhf charcoal. But the compo^ion ttill be strongest, 
if to 10 ounces of gunpowder, yOfl add d'oUnSes ahd tf half 
ef saltpetre, aod 3 ounces of charcoal. 

c c 3 
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Far rockets of jive or 


To 2 pound"? 5 ounces of gunpoAdef# ad3 
of saltpetre, 2 t>iinc<is of suiplui4*6 
3 ounces of iroa fiiings. 


For rockeU of seoe^i or eight ounces. 

To n ounces of ounpowdcr, add 4 ounces pf saltpctrp, 
und 3 ounces of sulphur.^ 

For rockets of frojn eight ten ounces^ 

To 2 pounds and 5 ounces of gunpowder, add 8 ouncd«^ 
of bt^tpeWe^ 2 ounces of sulphur, 7 ounces of clilircoaf, 
and d ounces of iron filings. 

Forjoikei^ of /torn ten to twelve ounces. 

To l7 ounces of gunpowder, add 4 ounces of saltpetre, 

3 ounces and a half of sulphur, and one ounce of charcoal, 

Ihr rockets of fr(rtn fourteen to fifteen ouncssk 

To 2 pounds 4 ounces of gunpowder, add 9 ounces trf 
saltpetre, 3 ounces of sulphui, 5 ounces of charcoal, ind' 
8 ounces of iron filings. ^ 

For rockets oj one pound. 

To one pound of gunpowder, add an ouiuie of totpbnr/ 
8nd 3 ounces of charcoal. 


For a rocket of (wo pounds^ 

Td one pound four dunces of gunpowder, ^ 

of saltpetre, 1 dunce of sulphur, 3 ounces ^ 

a dunces of iron filings. 

jFbr a rocket <^thrkkpamias. , 

To (mke& of saltpetre, add 7 ofijbC8a hxA 

•ulphuri and ti otmees of ehareoal* 



/5w ^/^r^Jve, sir^ or sevm paUnis. 

^ T<^3i potiQd5 af saltpetre, add # {Knuuds and of 
Sidphyir^ A 0 ^ JO pfxm^ of charcoal. 

^ JUfr of eighty mne^ or hn pirunds. 


To 8 pounds of saltpetre, add 20 ounces of sulphur, aiwi 
44f ounces nt cliarcoal. 

We shall here observe, that these ^ingredients must-be 
each pounded sepdi.itcl}, and stfred ; ilioy arc then to bo 
weighed and mixed togethci for the pui pose of loading tho 
cartridges, which ouglit to be kept rcatly in the moulds^ 
The cartridges must be tuaile oi strony, p*|})er, doubled, 
and eemenu d by means oi stiong [»aste, made of i^iic flour 
and very pure v\ater. 


Of Maichi ?. 

Before we proceed fartlai, it will be ptoper to dcscribo 
the composition of the malLilc^ lucessan for letting them 
off. Take iuien, hemp oi cotton tlucad, and double it 
eight or ten tinie>, it intended foi large lockcts; or only 
four Or five tuncb, il* to be empio\td foi stars. When the 
match has been thus made a- laige as necessary, dip it 
pure water, and press u between vour bauds, to free it 
from the moisture. Mix some gunpv*wder with a little 
watOTj to reduce it/o a sort of paste, and immerbO tlie 
match lu It ; turning and twisting it, tdl it has imbibed a 
sufficient quantity of the powder j then sprinkle over it a 
little dry pow^dcr, or ptt^yv some puiven>ed dry pow'dcr 
a smooth board, and roll Uic match ovfsr it. By ^se 
you wJl^baveau excoDoiit match ; which if dried m 
thei sunip or on a xope in the shade, will bo fit for use^ 

AKl'IC^t 1\. 

Qp the cat^e whicb^ makes roc/(efs ascend itHq f in 

A% this cause is nearly the itHitie as that ivhieli prodttcifi 
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recail ill fire-armS| it is necessary 

the latter. - ' * 


When tiie powder is suddenly ifl^a«ipd in the^^Wtnhcr, 
or at the bj^ttosn of the barrel; % i/feedssaiily Wemses an 
action two ways at the same time ; that say ^ against 
the breech of the piece, and against the baSet ol wadding, 
which is placed above it. BeMdes this, \t acts also against 
the sides of the chamber which it occupies; and as they 
Oppose a resistance almost insnrmounuWey the whole 
effort of the elastic fluid, produced by the mflammati^n, 
is exerted in the two directions ab^ e mentioned. ^ B«t tte 
resistancoxQpposed by the bullet, being much less than that 
opposed ijie iwass of the barrel or cannon, the bullet is 
farced o^wUh great velocity. It is impossible, however, 
that the body of the piece itself should not experience a 
movement backwards ; for if a spring is suddenly let loose, 
between two moveable obstacles, it will impel them both, 
and communicate to them velocities in the inverse rath> of 
their masses r the piece therefore must acquire a veltxity 
backAvards nearly in the inverse ratio of Us mass to that of 
the bullot. We make use of the term neatly, because there 
are various circumstances which give to this ratio certain 
modifleations ; but it is always true that the body the 
piece is driven backwards, and that if it weighs with its 
carriage, a thousand ^times more than the bullet; it aoqitbes 
a velocity, which is a thousand times less, and which is 
soon annihilated by the friction of the wheels against^he 
ground, &€, , ^ , V 

The cause of the ascent el a rocket is nearly the Ikme. 
At tile moment when the powder begins to inflami^; eio* 
pension produces a torrent of,, elastic fl«^> wfamh^otsin 
every direction; that is, against the 
ks escape from the cartridge, and against the lipimr pait 
of the vockot f but the resistanoe of the air is mdim'eon- 
siderable jthan Uia^^^ighbofthe^vocke^ 
extreme rapidity with which the elastic fluid issues through 
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tbe .isodk of tfae xock^ to ^thmw itscif downwaitls^ and 
therefore Ilje rd&et ascends by die exOoss of the one of 
tbe^ forcei^ over the <!iit)i 'r« . ' 

This^hovi^er woi^ld nat be the cave, the rocket 
were.pierced|^ a certain dcptlu A suflicient quantity of 
ebu^tfo^tifld vroold not be produced ; for the cotnposiidon 
wouid inflame only in circular Coat^of a diameter eqital to 
that of the rocket ; and experience ^liowa that this iv ftot 
sufficient. Recourse then is bad to |bhc very in^eniDUv idea 
of piercing the rocket with a conical hole, winch makes the 
composition burn in contcul strata, t^hicli iiuve much 
greater surface, and therefore produce a t:(il!ioh greater 
quantity of inflamed matter and fluids Thk expedient 
was certainly not the work oi a moment. "" 

AltllClE 

Jirilhant px and Chinese f re. 

Aa iron*filings, uhen throw ii into the fire, inflame and 
emit a strong light, this property, discovered no doubt by 
chance, gave rise to the idea of rendering the fire of rockets 
much more brilliant,' than wdien gunpowder, or the 
stances of which it is composed, are abne employed. 
Nothing ib necessary but to take iron-filings, very clean 
and free from rust, and to mix them with the composition 
of the rocfcetk It mu*4: liow^ever be ^rbserved, that rockets 
of tlite kind will not keep longer than a week ; because the 
moisture contracted by the saltpetre rusts the iron-fifings, 
and destroys tlie clTtct they an* intended to produce. 

Bui? the CbincsHiave long been in po^iwssion of a me- 
thod of rendering this fire much more briiliatit andsvarle- 
^ gated Inits c€||fitirs ; and we are indebted td fatiwr 

for having made it known. It consists in 
llie i&sa^sf a very simple ingredient ; tiaihbly, cast iroti re- 
dooedto a powder more or less fine t the CMufese givfl it 
k Rania/ irhkb is eqniv^t ta that of imi satnU 





To prepare tins jsand, ukc an old iron jpot, and tjayiiig 
brokcH It to pieces on an anvtl, pulverise tlie fr<igments 
tjj)l tke grants are not larger than $ee(l : theri 

them tbrougfh wx graduated sieihfs^ to aepa|ate the differ- 
ent M7e6, and preserve tbene six different Jpllis in ayery 
dry place^ to secure them from rust, which would lender 
this sand absolutely unfit for the proposed end. We must 
bore remark, tliat the grains whicli pasb through the closest 
sieve, are called sand of the first order ; tliose which pass 
through tiie next in size, ^and ot the second order ; and 
60 on. 

This sar|«(,,Vhen it infiames, emits a light exceedingly 
vivid. very iUrpnsing to see ftagments of this matter 
no biggel%|||^ a poppy seed, form all of a sudden lumiti^ 
ous dowers of stars, IQ and 15 lines in diameter. These 
flqwers are also of diffeient forms, according to that of the 
infiauied gram, and even of different colours, according to 
the matters with which the giains arc mixed. But rockets 
into V Inch this composition enters, cannot be long pre- 
served, as those which contain the finest sand will not keep 
longer than eight days, and thosc^ wliich contain the 
coarsest, fiiteen. The following tables exiiibit tKe pro- 
portions of the different ingredients for rockets of from 12 
to S6 pounds. 


Ihr red Chinese fire. 


Calibres. 

Saltpetre. 

Pouudb. 

Sulphur. 

Oaoces. 

Charcoal 

Ounces^ . 

Sand tiTiKe 
lot orders 
o«* 

12 to 15 

1 

3 

4 

r7 

IStolM 

1 

8 

5 


34 to 36 

4 

4* 


$ ■ ^ 
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^ For wAik Ch inese fire* 


Calibi^S^ 

FoQnU$« 

i^altpetro. 

l^rulsed 

Gunpowder. 

Oonce^ 

Charcoal 

0?. dr 



>SjM9d^the 
Sdorden ^ 

<1/. <li:. 

12 to 15 

1 

12 

7 

s 

tl 

18 to 21 

i 

U 

8 


11 ^ 

^ to 3t) 

1 

U 

8 

8 

12 


Wficii thc'ic mutcrials have been weiglK'd, the «ialtf5etre' 
and charcoal must be three times sifted a fiair 

sieve, in order that they may be well niked^ tl^ron s^tid 
tlicn to be moistened \\jth good brandy the 
bulphur adhere, and they must be thoroiisrhly 
The sand thus siilpbuu’d mus.t be sprcMci over the niixtuie 
ol saltpetre and cliarcoal, and the whole miust be tniaed 
tog<?tbei by spreading it o\era table with a spatula* 

ARTUxe M. 

Of the Furniture of liotkiU* 

The upper pait of rockets is generally furnished tvith 
soum composition, winch taking hre wlienitiias t cached 
to its greatest height, einitb a conbuleralilo blaze, or phv 
duces a loud leport, and vei\ ofuii 1)0111 these together* 
Of this kind are sauoissons, iiuuroouh, stais, showers of 
hie, &c« 

To imke room for tliis artifice, tlie rocket is crowiied 
with a part of a greater diametei , called tho pot, as seen 
pi. 1. The method of mtiking this pot, ^nd coUhecN 
ing it with tbejhody of the rocket, is as follows, 

TliU'^iuouId f6r forming the pot, tho^b of one pi|^ce, 
OiUst conidst of two eylinonc parts of diwrcut diamoim. 
Thdt orMirWiii the pot is rolled tip, muse be ttvrue dhttfte- 
ters of the rocket in length, aud Us diaitieterUiust be three 
ftiUtbs that of the rocktft ; the length of the "other ought 
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tb be equal tu tv^ oi the«e diaineter$^ and its diameter >t\» . 
tbat of the roeket. ' i • ‘■'i.- 

^ Having rolled the thick paper Uftended for middni; the 
pot, and which ought to be of the saipo kitid aa that used 
fw the rocket^ twice round the cylinder, poHion (A' it 
must be pinched in that part of the cylinder Which has the 
least diameter ; this part must be pared ip such a aaknndr, 
to leave only what is necessary for making the pot fast 
to the top of the rocket, and the ligature must be covered 
with paper. > • . . 

To charge such a pot, attachec’ ta a rocket) having 
pierced tbce<^ or' four holes in the double paper which 
covers the liaimityiDf the rocket, pour over it a small quan- 
tity of tbh Opposition with which the rocket is filled, aud 
by shaking it, make a part enter these holes ; tbenarrange 
in the pot the composition witli whicli it is to be charg^, 
taking care not to introduce into it a quantity heavier than 
the body of the rocket. ■ 

The whole must then be secured by means of a feW'shiall 
balb of paper, to keep every thing in its place, and the pot 
must be covered with paper cemented to its edges; if a 
pointed summit or c.ip be then added to it, the rocket wUl 
he ready for use. 

We shall now give an account of the different artifices 
with which such rockets are loaded. 

§ I. Serpents. 

Serpents are small flying rockets, witbout^tods, which 
instead of rising in a perpendicular direotitn^ anouot-ob- 
liqueip', and descend in a aig-eag form without aseehding 
to a great height. The composition of tha|n la nearly the 
same as that of rockets ) and tbetofore nothing more' id ne- 
cessary than to d^erminethe proportiDBaodcoftilikbctioo 
of the cartridge, which isas follows* .'c/ 

The , length hc p). I, fig. 7, of^ihe ca^idge may/be 
about 4 mches; it aiust be rolled round a stkk somaWhat 
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Jargor Itifln tlio bAfre) of » goo$^ quiil^ «d 4 «rter Wing 
cboakeU at otie of its ends, fill it with the cotnpoaitiOfl a 
little beyond its lniddle« as to a ; and then pintth k Kt as 
to leave a small apertore. The remamder ac, must be 
filled with grained powder^ which will occasion a repost 
when It bursts. Lastly, choak the cartridge entirely to- 
war<)|the extremity c; and at the other extremity a plaots 
a train of momt pow dor, to which it fire bo applied, it will 
be cominuiiicatcd to the oomposition m the part ab^ and 
cause the whole to use in the air. The serpent, as it lalls, ’ 
wdl then make several small tuins in a zig>ssag diruetion, 
till the fire is eommunicated to the grained {mvsdcr in the 
part Ac ; on which the serpent will biirst with a loud re* 
port before it lalls to the ground. . ^ 

If the serpent be not clioaked ton ards the middle, in* 
stead ot UKiving in a zig-aag direction, it will ascend and 
descend with an undulating iniition, and then hunt as 
before. 

Tlie cartridges of set pents are gene rally made of play- 
ing eaids. These cards are rolled round .i i od of iron or 
liarU wood, a little larger, as already said, than the barrel 
of a goose quill. To confine the card, a piece oi strong 
paper is cemented over U. 

The length of the mould must lie proportioned to tliat 
of tlie cards cinplo>ed,and the picic^er ol tlie nipple must 
he three or four lines in length. These serpents aic loaded 
with bruised powder, mixed only with a very srudil quan- 
tity of charcoal. To introduce the composition into the 
cartridge, ji qo^lU cot into the form of a spoon, may be 
employed j it must be rammed down by means uf« small 
rod^to wbid^ a few strokes are given with a small mallet. 

Wbon.the aerpent is half loaded, instead of pinching it 
,I 1 » that fWI, yo« mtiy mtroduee i»to tl« vetch seed, and 
place giMoaluted powder above It to fill up the reoiaintier. 
Above tfi'is poiril«r place a small pellet t>f eliewejl {taper, , 
and then oboak the other end of tW cartridge, if yw are 



FrBf9TMai»Y. 


of making larger serpents^ moment two f^ayi^ 
cards together ; aiid> lth;|t they may be managed with ixiore 
inmsten them a little with water* Tbei»atcb1feon»ists 
of a pabte made of bruised powder^ and ^ ^mall quantity 
of water, / 


§ IL Marhom^ 

Marroems are small cubical boxch., filled with a compo- 
sition proper for making them buiat, and may be Con- 
structed with great case* 

Cut a piece of pasteboard, aceoi i»g to the method 
taught in geon^try to foiiii the cube^ as seen fig* 8 pL 1 ; 
join these squares at the edges, leaving onlj- one to be ce- 
mented, and fill tli<‘ tuvity ot tlie cube with grained 
powder j then cement strong paj)er in various directions 
over tins bodj, and w rap round it two rowsot pack-^iread,^ 
dipped in strong glue : then make a hole in one of the 
corners, and intuxlucc into it a match* 

If you are dc sirous to have luminous rtlftiroons, that is 
to say luai icons A\hirh, befoie they burst in the air, eiint 
a brilliant liglit, cover them with a paste the composition 
of which will be given hereafter toi stais; diul roll theu^ 
in poivciised gunpowder, to serve as a match or com- 
munioatiom 


§ IIL Sancissons. 

Marroons and saucissons dilFcr fiom each other on^f im 
tkoir.lonn. Tho cai tiidges ol the latter aro round, and ^ 
irtuKt be only four times their exterior diamctc( iu 
They are' choakf^^d at one end ^in the satue 
rocket 5 and <i pullet of p^per^is jdnveo into tbf apcrttnie 
which has been l§ft, in order to ftli it up* dfC ihoil . 

charged with grained powiky, above which is plect^ a.baij 
of paper gently pressed down, to prevent the 
being brpi^ed ; the second end of the 
wards choaked, .the edges are pared on both sides, and 
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the whole is covered with several toras of pack-threatj,^ 
dipped \n strong glue, And then left to dry. 

When you are desiYous of ehargibg ihemi pierqeh hoie 
In one of the ends; and apply a match| in the satt)e mAn^ ^ 
ner as to niarroons. ' ^ 


§ IV, Stiirs^ 

Star^ are stnall globes of a compositionf which emit4 % 
hrilliant light, that in«iy be compared to the light of the** 
stars in the heavens. Thci^e balls arA not larger thati a 
nuttneg*or rtiusket bullet, and \)\hen put into the rockets 
must be wrapped t^p in tow, prepared for that purposed 
The cDinpositJon ol tliene stars is as follows/ / - 

To a pound of line gunpowder veil juilvcrKed," add 
four pounds of Falipctro, and two pounds of Hulphur#^ 
When these ingredients are thoroughly incorporated, 'takh 
about the size of a nutmeg of this mixture, and 
wrapt It up in u piece of lineri-iag, oi of paper, form it 
into a ball ; tb^ tie it closely round with a paek-thread, 
and pierce a hole through the middle of it, Milficiyntly 
large to receive a piece of jircparcd tow, which >vill serve 
a&a match. This star, when lighted, will i^xhibit a most 
beautiful apj>earancc ; because the fire as it issues from 
the two ends of the hole in the tniildle, will extend to a 
gre^ distance, and make it appear 4.fuicfi larger. 

If you are desirous to employ a moist composition in 
the form of a paste, instead of a dry one^ it will not be 
necessary to wrap Up tlic star in any thing but prepared 
tow ; because, when made of such paste, it can retain it$ 
apberical figtire*. There w dl be no need alw> of fnCrcing' 
aJmIe in it^ to receive the match; because, xvhen newjy 
made^ aod consequently mmst, it may be rolled in pul*" 
yetised gunpowder, wWch will adhere ton* This powder, 
kiiidlM* wiQ serve as a match, and mAamc 
pQsidoO in laUing wUt form itselt into lean* 
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Another method of making rockets with stars. 

Mix three ownc owlf saltpetre, witli one ounce of sulpiiiir, 
am) two drains of pulverised gunpowder; or- mix four 
ounces of sulphur, with tlie same quantity of saltpetre, 
and eight ounces of pulverised gunpowder. When these 
materials have been widl sifted, besprinkle* them with 
brandy, in which a little gum has been dissolved, and tlien 
make up the star in the following manner. 

Take a rocket mould, eight or nine lines in diameter, 
and introduce into it a nipple, the | '(<cer of w'liich is of a 
unifoi ni size d>runghout, and equal m Jength to the height 
ot the mnulch Put into this mould a cartridge,. and by 
Oieans of a pierced rod load it w'lth one of the preceding 
compositions ; when loaded, take it from the mould, with- 
out removing the nipple„ the piercer of which passes 
through the composilion, and then cut the cartridge quite 
round into pieces of the thickness of three or four lines. 
The cartridge being thus cut, draw out the piercer gently, 
and tJie pieces, which resemble the men employed ibr 
playing at drafts, pierced tlirough the ipiddle,. will he 
stars, which must be filed on a match thread, which, if yon 
choose, may be covered with tow. 

To give more brilliancy to stars of tliis kind, acartridgfe 
thicker tlian the above dimensions, and thinner than tliat 
of a fiy iiig-rockct of the same size, may be employed ; but, 
before it is cut into pieces, five or six boles mustbe-pierced 
in the circumference of each piece to be cut* When tbe 
cartridge is cut, and the pieces, have been filed, cement 
over the composition small bits of card, eacb hariog a hole 
in the aiidtile, so that these holes may conre^poitd to Uie 
place where the cortiposition is pierced* . ’ ■ i;. .v • - . ■ 

HEMABXs.'-xi,. There . are several, oitber foethods of 
making stars, n-hich it would be* too tediouh to'desorihe. 
.We shall therefore only show hew to it pet^ 
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or stars \?hich give a report us loud us that oC a|dstol or 
musket. ^ , 

Make small saucbson^^ as taught in the third sectioli i 
onlvi it will not be necessary to cover them with paek^' 
thread : it will be sufficient if they arc pierced at one end, 
in order that you may tie to it a star constructed according 
to the first method, the comix>sition of whicli is drVj for 
if thp composition be in the form of a paste, tiiere will bb 
no need to tie it. Nothing will be necessary in that casej 
but to leave a little more of tlie paper hollow at the end 
of the sancisson whioli has been pierced, for the purpose 
of introducingtbe composition ; and to place in the vacuity, 
tjQwards the neck of the sancisson, some grained powder^ 
which will communicate fire to the Kaucisson whoii tire 
composition is consumed. 

II. As there are some stats which in Hie end become 
petards, others may be made, which shall conduda with 
becoming serpents. But this may he so easily conceived 
and carried into execution, that it w^onld be kwing time 
to enlarge furtlier on the subject. We shall only observe, 
that these «tar^ are not in use, because it is difficult for a 
rocket to carry them to a considerable height in the air : 
they diminish the effect of the rocket or saucisson, and 
mudi time is required to make them. 

I 

§ V. Shvwer of Fire. 

To. foroj a shower of fire, mooW small paper cartridge 
OQ an ifon rod, two lines and a half in diameter, and make 
them two inches and a half in length. They must not f>e 
jchoaked, as it will be sufKcient to twist the end of the 
cartridge, and. having put tlie rod into it to heal it, in 
order to make it assume- its form,- When the cartridges 
are .filledy^buih is done.by immersing them in the compo- 
oi^on, fold dowh the other end, and tlien apply a match. 
This fotfidtltifo ttrUi fill the air with aa undulating fire. The 
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follow ing ayje so^na €omposHUon!iK.prppef for stars of 
kmdj. . . , 

Chinese Jire^ Pulverised gunpowder one pounds stdplujr 
2 ounces, iron sandsof the first order 5 ounces* . v 

Ancknt fire* Pulverised gunpowder one pounds qhar- 
coal % ounces, . . > 

Brill iant fire. Pulverised gunpowder one pouxidi^ iron' 
filin^h 4 nances. 

The Chinese fire is certainly the most beautiful. 

§ VI. OJ Spark 

Sparks differ from stars only in their size and dui'ation; 
for they are made smaller than stars ; and are consuamd 
sooner. They are made in the following manner. 

Having put into an earthen vessel an ounce of pulverised 
gunpowder, two ounces of pulverised saltpetre, ohe ounce 
of liquid saltpetre, and four ounces of camphor reduced to 
a sort of farina, pour over riiis mixture some gum-water, 
or brandy m which gum-adragant|i or gum-arabic has 
been dissolved, till the composition acquire the cou^tenc4^ 
of thick soup. Then take some lint which has been boUed 
in brandy, or in vinegar, or even in saltpetre, aqd then 
diicd and imraveiled, and throw into the mixture such a 
quantity ot it as is sufficient to absorb it entitely, taking . 
care to stir it well, 

Fonn this matter into small balls or;globesof the of 
wpCii^ and havuig dried them in tbe^suuor the 
spnukle them with pulverised guppowder, in order tba^t 
they may more readiU' catch fire. 

t ' 

Another Method of making Sparks. ^ 

- . ' .. - y ,< '«.* ft , 

T,jke the sa»«rd.ust any kind 
reHdil\, !.ucli as. fir, cldfa-^tree, ^ 

boil n 111 watet; w. 'd^ 
Wi«;u the wawi bas 
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fire, and pour k oflF m euch a mnner that the , saw-du&t 
may remain iu the vessel* Tlien place the sawnlaat on a 
tahk, aad whit^ moist besprinkle it with sulphur, 'sifted 
through a very fine sieve : you may add to it aisu ^ little 
bruised gunpowder. Lastly, wtien the savv<^dust lias been 
well mixed, leave it to dry, and make it into sparks as 
above described. 

§ VII. Of Galden Bain. 

There are some flying-rockets which, as they fall, make 
small undulations in the air like hair half frizzled. These* 
are called Jiisces cheveltit's^ bearded rockets ; they finish 
with a kind of shower of fire, which is called golden rain. 
The metiiod of constructing them is as follows. 

Fill the barrels of some goose quills with the composition 
of flying-brockets, and place upon the mouth of each a 
little moist gunpowder, both to keep in the compositipii, 
and to serve as a match. If a flying-rocket be tlien loaded 
with these quills, they will produce, at the end, a very 
ag^'eeable sliower of fire, vrhicb on account of its beauty 
has been called golden rain. 

t 

* ARTICLE VU. 

0/ sopie rockets different in their effect from common 

rochets. 

Several very amusing and ingenious works are made by 
means of simple rockets, of which it is necessary that w# 
•boulil here give the reader some idea. 

§ I. 0/* Courantins^ or Sockets which Jlij along a rope* 

A common rocket, which however ought not to be very 
QUide to tun along an extended rope. For 
this pmrf^, affix to the rocket an empty cartridge, and 
inlirii^lice into it the rope wluch is to carry it; placing the 
head of#ie towards that side to which you mtdnd 
it to move : if you then set ffie to the rocket, adjusted in 
voa» 111* x> o ' 
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this manner, it will run along tba^rope wiihotit ^tCl^pitig|‘^ 
till the matter it contains is entirely exhausted. 

If you are desirous that the rocket should move in a 
retrograde direction; first fill one half of it with tbe com- 
position, and cover it with a small round piece of wootl, to 
serve as a partition between it and that put into the dtltet 
half ; then make a hole below this partition, so as to corre- 
spond with a small canal filled with bruised powder, and 
terminating at the other end of the rocket: by these 
means the fire, when it ceases in the first half Of the rocket, 
w'lll be communicated through tl . hole into the small 
canal, which will convey it to the other end; and this end 
being tticn kindled, the rocket wtii move backwards, and 
return to the place from which it set out. 

Two rockets of e(jaal size, bound together by means of 
a piece of strong pack-thread, and disfiosed in such ft 
manner that the head of the one sludl be opposite to tlie 
nock of the other, that when the fire has consumed the 
eomposttion in the one, it may be communicated to that 
in the other, and oblige botli of them to move in a retro- 
grade direction, may also be adjusted to the rope by means 
of a piece of hollow reed. But to prevent the fire of tiie 
former from being conimimicatcd to the wsecond too soon, 
they ought to be covered with oil-clotb, or to be wrapped 
tip in paper. 

Remark. — Rockets of this kind are generally omplc^ed 
for setting fire to various other pieces when large fire- 
works are exhibited ; and to render them more agreeable, 
they are made in the form of different animal^ suehfts 
serpents, dragons, &cc; on which account they ane called 
dragons. These dragons are very amusing, espedfiUjr 
when filled with various compositions, such asgoldeirrain^ 
long hair, &c. They might be made to discharge serpents 
from their mouths, Mrhich would produce a very pkWig 
and give tbeoi a greater resemblance to a diftgom . 
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Nothing u easier than to give to a rocket of this fcihd a 
rotary motion around the rope along which it advances; 
it will he sufficjent for this purpose, to tie to it another 
rocket^ placed in a transversal direction. But the aportiirfe 
of the latter, instead of being at the bottom, ought to be 
ill the side, near one of the ends. If both rockets be fired 
at the same time, the latter uill make the other revolve 
around the i(^j)e, \^hile h advances along it, ^ 

§ IIL Oj rockets which burn in the water. 

Though five and water are two tilings of a very opposi^te 
nature, the rockets above described, when set on fire, will 
burn and produce their etfecl even in the water; biU as 
they are tlien below the water, the jilcasure of seeing them 
is lost ; for tliiM reason, when it is rc(|nu ed to cause rockctii 
to burn as they float on the water, it will be necessary to 
make some change in the jiroportions ot the moulds, and 
the mat'^riaU of which they are composed. 

In regard to the mould, it may be eight or nine inches 
in length, and an inch in diameter: the former, on which 
the cartridge is rolled up, may be nine lines in thicknesS| 
and the rod lor loading the cartridge must as usual be 
somew^bat less. For loading the cartridge, there is no 
need of a piercer with a nipple, 

The.composition may be made in two ways ; for if it be 
required that the rocket^ while burning on tlie water, 
should appear as bright as a candle, it must be composed 
of three materials mixed together, viz, S ounces of 
pulverised and sifted gunpowder, one pound of saltpetrdi 
and S ounoesx>f sulphur^ But if you are desirous that it 
should appear on tbes.water with a beautiful tail, the comr 
position iirust consist of tt.ounces of gunpowder pulverised 
and sifted^ one pound of saltpetre^ S^OUnces of pounded 
and sifted sulphur, and 2 ounces of charcoaK 

n p 2 



404 > 


FTttOTRCHNY. 


When the composition has been prepared according ta 
these proportions, and the rocket has been filled in the 
manner above described, apply a saucisson to the end of 
It; and having covered the rocket with wax, blaek pitch, 
rosin, or any other substance capable of preventing the 
paper from being Spoilt in the water, attach to it a small 
rod of white willou, about two feet in length, that the 
rocket may conveniently float. 

If it be required that these rockets should plunge down, 
and again rise up ; a certain quant v" of pulverised gun- 
powder, withonl any mixture, nl••^t be introduced into 
them, at certain distances, such for example, as two, three, 
or four lines, according to the size of the cartridge. 

Rkmarks. — I. Small rockets of this kind may be made, 
without changing the mould or composition, in several 
different ways, which, for the sake of brevity, wfe are 
obliged to omit. Such of our reacU*rs as are desirous 
of further information on this subject, may consult tliose 
authors who have written expressly on pvrotechny, some 
of whom we shall mention at the end ot the 12th section. 

IF. It is possible also to make a rocket which, after it 
has burnt some time on the water, shall throw out sparks 
and stars; and these after they catch fire shall ascend into 
the air. This may be done by dividing tlie rocket into tivo 
parts, by means of a round piece of wood, having bole 
in the middle* The upper part must be filled tvith the 
usual composition of rockets, and the lower with stars, 
which must be mixed with grained and pulverised gun* 
powder, &c. 

in. A rocket which takes fire in the water, and, efter 
burning there half the time of its duration, mounts into 
the air with great velocity, may be construclsted in the 
following manner. ^ . 

Take a flying rocket, furnished with its rod* and bf 
moans of a little glue attach it to a wato rocket, Otily 
at the middle a, pi* 1 fig. 9, in such a oilknnor, thtit ^the 
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latter have \U neck uppemioiit, and the other its meek 
downward* Adjust to their exiieniuy u a binull tulo^io 
communicate the fire from the one to the other, and cover 
both with a coatiny; ol pitch, wax, &c, that they may not 
be damaged by the w'utcr. 

Then attach to the flying rocket, after it has been llius 
cemented to the aquatic one, a rod of the hind described 
in the 2d article, as seen in the figure at n; and from f 
suspend a piece of pack-tin ead, to support a muslu t bullet 
E, made fast to the rod by means of a needle or bit of iron 
wire. When tliesc arrangements have been made, set fire 
to the part c after llie rocket is m the water; and ivheu 
the composition is consunied to n, the fuc will be com- 
municated througli the small tube to the other rocket: the 
latter will then rise and leave the other, winch will not be 
able to follow it on account of the weight adhering to it. 

§ IV. JSt/ means of rockets^ to rtprcsait several figures in 

the air. 

If several small rockejs be placed upon a large one, 
their rods being fixed around the iaige caitnilge, winch 
is usually attached lathe head ol tiie icxdsct, to contain 
what it is destined to carry up into the an ; and if these 
small rockets be set on fire while the iaigc one is ascend* 
ing, they will represent, in a veiy agreeable manner, u 
tree, the trunk of w’hK:h will be the large rocket, and the 
branches the small ones- 

If these small rockets take fire when the large one is 
half burned in the air, thc\ will represent a comet ; and 
when the large one is entirely inveited, so that its head 
begins to paint downwwds, in order to fall, they will re* 
present a kind of fiery fountain. 

If the barrels of several quiils, filled with the composi<- 
ttpu of flying rockets, as above described, be placed on a 
large rocket 9 whom these quilk catch fire, they wiU re* 
present, to an eye placed below them, a beaiudul shovrcc 
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of iirei or of half frizzled hair if the eye be placed on one 
aide. 

If several serpents be attached to the rocket wuh a piece 
of ^ack-Hiread, by the ends that do not catch fire ; and if 
the pack-thread be suffer^ to Imnjij down two or three 
inches^ between every two, this ariMn|;5cincMit will produce 
a variety of agreeable and amusing figures. 

§ V. rocket which ascends in the Jhm of a screw* 

A straight rod, as experience c\.)ws, makes a rocket 
ascend perpendicularly, and in a straight line: it may be 
compared to the rudder of a ship, or the tail of a bird, the 
effect of which is to make the vessel or bird turn tovraifds 
that side to which it is inchned : i( a bent rod therefore 
be attached to a rocket, its first clVect will be fo make the 
rocket incline towards that side to which it is bent; but 
its centre of giavitv bringing it afterwards into a vertical 
situation, the result of these two opposite efforts will be 
that the rocket mil ascend in a zig-zag or spiral form* In 
this case indeed, as it displaces a greater volume of air, 
and describes a longer line, it will not ascend so high, as 
if it bad been impelled in a straight direction ; but, on 
account of the singularity of this motion, it will produce 
an agreeable effect. 

ABTICLK VIIT. 

Of Globes and Fire Balls. 

• 

We have hitherto spoken only of rockets, and the differ- 
ent kinds of works which can be constructed by tbeir 
means. But there are a great many other fireworks, the 
most remarkable of which we shall here describe. Aqmng 
these are globes and fire balls; some of wlticb are inteiicled 
to produce their elli^ct in water; others by rolling orleap- 
ing on the ground: and some, which are called do 
the same in the air. . . ' * 
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§ I. Globes 'whkh burn on the water. 

These globes, or 6re balN, are made in three dilferetit 
forms; spherical, spheroidal, or cylindrical ; but we sfeltll 
here confine ourselves to the spherical. 

To make a spherical fire ball, construct a hollow wooden 
globe of any size at pleasurc%nd very round both within 
and without, so that its thickness ac or bd, pi. 1, fig* JO, 
may be equal to about the ninth pai t of the diameter ab. 
Insert in the upf>er part of it a right concave cylinder 
EFGH, the breadth of which rr may be equal to the fifth 
^art of the diameter ab; and having an aperture, LM or 
ON, equal to the thickness ac or un, that is, to the ninth 
part of tile diameter ar. It is through tins aperture that 
fire is communicated to the globe, when it has been filled 
with the proper composition, through the lower apertuie 
TK. A petard of metal, loaded with good grained powder, 
is to be introduced also through the lower aperture, and 
to be placed horizontally, as been m tlie figure. 

When this is done, close uj) the aperture TK, which is 
nearly equal to the thickness vr or on, of the cylinder 
EFGH, by means of a wooden tornpion di[)|ied in warm 
pitch; and melt over it such a quaniity of lead that its 
weight may cause the globe to sink in water, till notliing 
remain above it but the jiart gh; winch will be the case if 
the weight of the lead, with that of the globe and the 
composition be equal the wxiglit of an equal volume of 
water. If the globe be then placed in the water, the lead 
by its gravity will make the aperture ik tend directly 
downwards, and keep in a perpendicular direction the 
cylinder efgh, to which fire must have been previously 
applied. ♦ 

To ascertain whether the lead, wliich has been added to 
(be globe, renders its weight equal to that of an equal 
Volume of water; rub the'globe over with pitch or grease, 
and make a trial, by placing it in the water. 

The composition with which the globe mutt be loaded, 
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is tis fallows ; to a pouud of grained powder^ add 32 pounds 
of fs^llpctrc reduced to fine flour, ft.pounds of sulpbuT, 1 
ounce scrapings of ivory, ami 8 pounds of saw-dust pre- 
viously boiled in a solution of saltpetre, and dried in the 
shadk; or in the sun. 

Or, to 2 pounds of bruised gunpowder, add 12 pounds 
of saltpetre, 6 pounds of sulphur, 4 pounds of iron fllingSt 
and 1 pound of Greek pitch. 

It IS not riecess.iry that tins composition should be beaten 
so fine as that intended for rockets; it requires neither to 
be pulverised nor silted; it issufficie if it Ik* well mixed 
and incorporated. But to prevent u from becoming too 
dry, it will be proper to bespnnkle it with a little oil, or 
any otlier liquid siisccptihlc of uitlammation. 

§ II, Of Globes which leap or roll on the ground. 

I. Having coiistriuted a wooden globe a, pi, 1, fig. 11, 
with a cylinder r, similar to that above described, and 
liaviug loaded it w ith the same composition, introduce into 
it four [letards, or even more, loaded with good grained 
gunpowder to their orilices, as ab ; wdiich must be well 
stopped with paper or tow. If a globe, prepared in this 
manner, be fired by means of a nutch at o, it will leap 
about, as it burns, on a smooth horizontal plane, accord- 
ing as the petards arc set on fire. 

Instead of placing these petards in the inside, they may 
be affixed to the exterior surface of the globe; which they 
will make to roll and leap as they catch fire. They m^iy 
be applied in any manner to the surface' of the globe, as 
seen in the figtire. 

II. A similar globe may be made to roll about oo a 
horizontal plane, with a very rapid motion. Construct 
two equal hemispheres of pasteboard, and adjust in one of 
them, ds ab, fig. 12, three common rockets c» Uy e, filled 
and pierced like fiyiug rockets which bs^ve no petard; 
these rockets must not escedi the interior breadth xtf the 
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bfinispbcrc^ and ought to bo arranged in such a manner, 
that the head ot the orie shall correspond to the tail of the 
other. 

The rockets being thus arrangctl, join the two bonii^ 
spliercs, by cementing them together with strong paj^r; 
in such a manner, tliat they shall not separate, while the 
globe is moving and turning, at tlic same time that tbd 
rockets produce then effect. To set fire lo the fir$t, make 
a hole in tiie globe 0])po.^ite to the tad of it, and introduce 
into it a match. This match will communicate fire to the 
first rocket; whicli, when consumed, will set fire to the 
second by means ol another match, and so on to the rest; 
so that the glob(‘, il placed on a sinooili horizontal [>lane, 
will be kept in chntmual motion. 

It IS bcici to he observed, tliat a few' more holes must be 
made in the globe, otlierwise it will burst, 

I'he tw’o henii>plit‘ies uf p«istcbo.ird may be prepared in 
the following manner - eonstruct a very round globe of 
solid wood, and covei it with melted wax; then cement 
over It several bands of coarse paper, about two inches in 
breadth, giving it several coats of tins kind, to the thick- 
ness of about two imes. Or, what will be still i*asier and 
bv^tter, having dissolved, in glue walt-r, soim- ot ilu' pulp 
employed by the paper-makers, cover with it tlie surface 
of the globe; then dry it giadinlh at a slow fiic, and cut 
it through in the middle; liy wliuli means you will have 
two strong hemispheres. The wooden globe may l»'‘ ciiAily 
s(^()ardted from the pasteboard by means of beat ; for if 
the whole be applied to a strong fire the wax will dl^solve, 
so that the globe may be drawn out. Instead of melted 
wax, soap may be employed. 

I Ilf, Of Aerial Globes^ called Bombs^ 

IPheso globes are called aerials, because they arc thrown 
into the air from a mortar, which is a short thick piece of 
artillery of a large calibre. 
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Thpug^i these globes ere of wood, and have a suitable . 
tbic)sne$s, namelyi equal to the twelfth part of their di- 
ameterSji if too much powder be put into the mortar, they 
^ xifill not be able to resist its force; the charge of powder 
thdiretore must be proportioned to the globe to be ejected. 
The usual quantity is an ounce of powder* for a globe of 
four pounds weight ; two ounces for one of eight, and 
Boom 

As the chamber of the mortar may be too large to con- 
, lain the exact quantity of powder sufficient for the fire 
ball, winch oiurht to be placed j mediately above the 
powder, in order tliat it may be expelled and set on fire at 
jthe same time, another mortar may be constructed of 
wood, or ol pasteboard with a wooden boltoin, as ab, fig, 
IS, pK 1 : It ought to be put into a large iron mortar, and 
to be loaded with a (juantity ot powder proportioned to 
the w'eight of the globe. 

This small mortar must be of ligiit wood, or of paper 
pasted together, and rolled up in the form of a cylinder, 
Or truncated cone, the bottom excepted ; w Inch, as already 
said, must be of wood. The chamber lor the powder ac 
must be pierced obliquely, with a vmall gimblet, as seen at 
BC ; so that the aperture b, corresponding to the aperture 
of the metal mortar, the fire applied to the latter may be 
communicated to the powder which i.s at the bottom of the 
wcbaniber ac, immediately below the globe. By these 
means the globe will catch fire, and make an agreeable 
as it n&cs into the air; but it would not succeed so 
well, if any vacuity were left between the powder and the 
globus 

A profile or perpendicular section of such a globe is 
represented by the right-angled parallelogram abco, fig. 
13 2^ the breadth of winch ab is nearly equal to the 

height AD. The thickness of the wood, towards the two 
Bides, L, is equal) as above said, tp the twelfth iMt of 
tfie diameter of the globe ; and the thickness^ aV) of the 
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cover, is double the preceding, or ecpial to a si^th pail of 
the diameter. The height ok or in of the chamber, 
where the match is applied, and which is terminated by the 
semicircle lgiim, is equal to the fourth part of the breadth 
Att ; ahd its breadth oh is equal to the sixth part of ab. * 

We must here observe that it is dangerous to put woodon 
covers, such as kf, on aerial hdlloons or globes ; for tbeiu 
covers be so heavy, as to wound those on whom thdy 
happen to fall. It ivill be sufficient to place turf or hay 
above the globe, in ord.;r that the powder may experience 
some resistance. 

The globe must bo filled with several pieced of cane br 
common reed, equal in length to the interior height of 
the globe, and charged with a slow com[)08iUon, madeof 
three ounces of pounded gunpowder, an ounce of sulphur 
motsteiicd wuli a small quantity of petroleum oil, and two 
ounces of charcoal ; and in order that these reeds or cades 
may catch fire sooner, and with more facUitj", they must 
be charged at the lower ends, which rest on the bottom of 
the globe, with pulverised gunpowder moistened in the 
same manner with petroleum oil, or well besprinkled with 
brandy, and then dried. 

The bottomi of the globe ought to be covered with a 
little gunpowder half pulverised and half grained ; wlitcb, 
when set on fire, by means of a match applied to the end 
of the chamber oh, vill set fire to the lower part of t|le 
reed. But care must have been taken to fill the cliamber 
with a composition similar to that in the reeds, or with an« 
other slow composition, made of 8 ounces of gun|K>wder, 
4 ounces of saltpetre, 2 ounces of sulphur, and one oilince 
of charcoal ; the whole must be well pounded and mixed* 

Instead of reeds, the globe may be cfiarged with f^tmitig 
rockets, or paper petards, and a quantity of fiery stars or 
sparks mixed with pulverised gunpowder, placed without 
aby order above these petards, which must be cboakod at 
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unequal beightSi that they may .perform their efiect at dif* 
ferent timcfc. 

These globes may be constructed in various other waj’s^ 
which It would be tedious here to enumerate. We ahall 
only observe that u hen loaded, they must be well covered 
at the top; they be wrapped up iii a piece of cloth 
dipped in glue, and a piece of woollen elotii must be tied 
round thcnii so as to cover the hole which contains the 
match* 
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76*/ s of Fire, 

Jets of fire are a kind of fixed rockets, the effect of which 
is to tliro^^ up into the an* jeu of fire, similar to jots of 
water. They siive also to lepiesent cascades; for. if a 
series of such rockets bo placed horizontally on tlic same 
line, It may be tasilv seen that tlie fire tlu*y emit, will re- 
semlile a sheet of uater. When arranged in a circular 
form, like the radii of a circle, they lonii what is called a 
jf.lid 

To form jets of tiiih kind, the cartridge for biilliant fires 
iniKst, m tlnekncNS, be equal to a fourth pait of the diamc* 
ter, and tor Chinese fiiv, only to a sixth part. 

The cartiidge is loaded on a nipple, having a point 
etjnal in^ longtli to tlie same diameter, and in thickness to 
attourth purl of it ; but as it generally happens that the 
mouth of the jet becomes larger than is necessary for the 
eflect of tile fire, you must begin to charge the cartridge, 
as the Chinese do, by filling it to a height equal to a fourth 
part of the diameter with clay, which must be rammed 
down as if it were gunpowder. By these means the jet 
will ascend much higlier. When the charge is completed 
with the composition you have made choice of, the ,car^ 
tridge must be closed with a tompion of wood, above 
which It must be choakod. 
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The train or match must be of the same componitlon ta 
that employed for loading ; otherx^ise the dilatation of thO 
air contained in the hole made by the pieixcr, would cause 
the jet to hurst. 

Clayed rockets may be pierced with two holes near the 
neck) 111 order to have three jets in the same plane. 

If a kind of top, pierced with a number of boles, be 
added to them, they will imitate a bubbling foiintain. 

Jets intended for representing sheets of fire ought not 
to be choaked. They iiuist be jiLiccd in a horizontal 
position, or inclined a little downwards. 

It appears to us that they migiit be choaked so as to 
form a kind of slit, and be pieiced in the same manner; 
which would contribute to extend the sheet of fire still 
fartlier. A kind of long narrow' mouths might even be 
provided for this particular purpose. 

Principal Compositwm for Jets of Fire^ 

1st. For jets of 5 lines or less, of interior diameter. 

Chinese Jire. Saltpetre I pound, pulverised gunpowder 
1 pound, sulphur 8 ounces, charcoal 2 ounce.. 

IVhitefire. Saltpetre 1 pound, pulverised gunpow^der 
8 ounces, sulphur 3 ounces, charcoal 2 ounces^ iron sand 
of the first order 8 ounces, 

2d. For Jets of from \o to 12 lines in diameter. 

Brilliant frc. Pulverised gunpoiulcr 1 jiou/id, iron- 
filings of a mean size, 5 ounces. 

White fire. Saltpetere 1 pound, pulvciiscd gunpowder 
1 pound, sulphur 8 ounces, charcoal 2 ounces. 

Chinese fire. Saltpetre 1 pound 1* ounce's, sulphur 5 
ounces, chai'coal o ounces, sand oi the third order 1 2 
ounces. 

Sd. For Jets of \5 or 18 lines in dktncter. 

Chinese fire. Saltpetre 1 pound 4 ounces, sulphur 7 
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oBnccs, charcoal 5 ounces^ of tlic six different kinds of ^ 
Band mixed 12 ounces. 

V Father dlncarville, in his memoirs on this subject, gives 
‘ various other proportions for the composition of these 
but we must confine ourselves to what has been here said, 
and refer tlie reader to the auihoris memoir^, which will be 
found in the Manuel de Artificer, 

The saltpetre, pulverised gunpowder, and cliarcoal, arc 
three times silted thiough a hair sieve. The iron sand is 
besprinkled with sulphur, after being moistened with a 
little brandy-, that the sulphur maj'^ a.iliere to it ; and they 
are then mixed together : the sulphured sand is then spread 
over the first mixture, and the whole is mixed with a ladle 
only ; for if a sieve were employed, it would separate the 
sand from the other materials. When sand larger than that 
of tlie second order is used, the composition is moistened 
with brandy, so that it forms itseU into b-ills, and the jets 
are then loaded : if there were too much moistpre, the sand 
would not perform its cHect. 

ARTICLE X. 

Of Fires of Different Colours^ 

It is much to be wished that, for the sake of variety, 
different colours could be given to these fire-works at 
oleiisure; but though we are acquainted with several 
pMtqriaU w hich communicate to flame various colours, it 
has hitherto been possible to introduce only a Vfry few 
colours into that of inflamed gunpow'der. 

To make white fire, the gunpowder must be mixed with 
iron or rather steel-filings, 

,.To make red fire, iron sand of the first order snust be 
employed in the scinie manner. 

As cop|>er filings, when thrown into a flame, render it 
green, it miglit be concluded, that if mixed with gun- 
powder, it would produce a green flame: but this eXi 
periment does not succcedt It is supposed that the flame 
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^ is too ardent, and consumea the inflammable part of tbe 
copper too soon. But it is probable that a suffieieiit 
number of tri.iis hare not yet been made ; for is it nbt 
possible to lessen the force of gunpowder in a considerublu' 
aegree, by incrfi^asing the dose of the charcoal ? 

How^cver, the following are a few of those materiaJi 
^^hlch, in books on pjrotechnv, are said to possess tho 
property of communicating various colours to tire^works. 

Camphor mixed with liie coinpobition, makes the flaitid' 
to appear of a pale white colour. 

Raspings of ivory give a clear flame of a silver coloufi 
inclining a little to tjiut of lead ; or rather a white dazzling 
flame. 

Greek pitch produces a reddish flame, of a bronze 
colour. 

Black pitch, a dusky flame, like a tliick smoke, which 
obscures the atmosphere. 

Sulphur, mixed m a moderate qucUiLityi mak(»s the flume 
appe^ir bluish. 

Sal ammoniac and verdignse give a gieeinsh flame. 

Raspings of yellow amber communicate to the flame a 
lemon colour. 

Crude antimony gives a russet colour. 

Borax ought to produce a blue flame •, for spirit of wine, 
in which sedative salt, one of the component parts of bqfriX| 
is dissolved by the means of heat, burns with a beac^ftll 
green illume. 

Much, however, still remains to be done in regard to 
this subject ; but it would add to the beauty of artificial 
fire-works, if they could be \aricd by giving them differ- 
ent colours : tliis would be creating for the eyes a new 
pleasure. 

ARTICLE XI. 

Composition of a Paste proper for representing animals and 
other devices in fire* 

It is to tbe Chinese also that we arc indebted for this 
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uicthod of representing figures with fire* Foi* tbi« 
pose, tiike sulphur reduced to an impalpable powder, ^ 
having formed it into a paste with starch, cover wjtb it 
the figure you arc desirous of representing on fire ; it 
here to be observed, that the figure must first be cpatedl 
over vMth cU\ , to prevent it fioni being burnt. 

When the fionie has been covered vvith this paste, be- 
sprinkle It wliile still moist with pulverised gunpowder; 
and when the whole is perfectly dry, arrange some small 
imatclies on the piincipal parts of it, tliat the fire may be 
speedily comrnunicaled to it on all des. 

The same pa^tc may be employ eil on figures of clay, to 
form devices and various designs. 1»us, for exarnplCi 
festoons, garlands, and other ornan ciits, the flowers of 
which might be imitated bv fire of ti»rFercnt colours, could 
be foimcd on the frieze of a pieitf of architecture covered 
with plaster. The Chinese imitate grapes exceedingly 
well, by mixing pounded sulphur with the pulp of the ju- 
jube, instead of flour paste. 

ARTICLE XU. 

Of Suns, both Fixed and Moveable, 

None of the pyrotechnic inventions can be employed 
with so much success, in artificial fire-works, as suns ; of 
which there are two kinds, fixed and revolving: the mo? 
of constructing both is very simple. 

For fixed suns, cause to be constructed a roun<^()iece of 
wood, into the circumference of which can be screwed 
twelve or fifteen pieces in the form of radii; and to these 
rada attach jets of fire, the composition of which has been 
already described ; so tfiat they may appear as radii tend- 
ing to the same centre, the mouth of the jet being toward^ 
the circumference. Apply a match in such a manner, 
that the fire communicated at the centre may be conveyed, 
at the same time, to the mouth of each of the jets, by 
which means, each throwing out its fire, there wdll be pro- 
duced the appearance of a radiating sun. We here sup- 
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the U pieced io a poshion perpendicular 
to the horizon. 

These rockets or jets may be so arranged as to Oross 
other in an angular manner ; in which case, instead 
of a sun, you will have a star, or a sort of cross resembling 
that of Malta. Some of these suns arc made also with siH 
yeral rows of jets ; these are called glories* 

Revolving suns may be constructed in this u^nner^ 
Provide a wooden wheel, of any size at pleasure, afni 
brought into perfect equilibrium around its centre, in or^ 
der that the least effort may make it turn roiind.^ Attach 
to the circumference of it fire-jets placed in the direction 
of the circumference ; they must not be cboaked at the 
bottom, and ought to be arranged in such a manner, that 
the mouth of tiie one shall be near the bottom of tlic otfaeri 
so that when the fire of the one is ended, it may immedi« 
ately proceed to another. It may hi* easily perceived, 
that when fire is applied to one of these jets, the recoil of 
the rocket will make the wheel turn round, unless it he too 
large and ponderous: for this reason, when these suns are 
of a considerable size, that is w^heri they consist lor exam* 
pie of 20 rockets, fire must be communicated at the same 
time to the first, the sixth, the eleventh, and the sixteenth; 
from which it will proceed to the second, the seventh, the 
twdftb, the seventeenth, and so on. These four 
wpll make the wheel turn round with rapidity. ^ iir .W 
If two^aimilar suns be placed one behind the other, and 
made to turn in a contrary direction, they will produce a 
tery pretty effect of cross-fire. 

Three orfour suns, with horizontal axes passing through 
them, might be implanted in a vertical axis, moveable iu 
the of a table. These suns, revolving around the 

table, will seetn to pursue each other. It may be easily 
perceived that, to make them turn around the table, they 
must be fixed on their axes, and these axes, at the place 
VOL. 1^. « U 
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where they rest on the tabie» ooght tohwfumiilied wrMt « ^ 
very moveable roUer. ^2 

We shall say nothing farther on artificial fire^wevka^ 
becaube it is not possible in this work to give a eompiete 
treatise of pyrotechny. We shall therefore content our*- 
selves with pointing out, to those who are fond of this art, 
a few of the best authors on the :>ubject. One is, TtaiU 
djt$ Feux d*art^e de M. Freaier, a new edition of which 
vrei published in 1745. We siull mention also tb« work 
pf M.Pernnet d’Orval, entitled Trmi^des Feux d' artifice, 
pour le Spectacle et pour la Guerre. To these we may add 
ItC Manu^ de VJrUficter, Pans 1757, 12mo« which con* 
tains, in a very small compass, the whole substance of the 
art of making artificial fire-worlu : it is an abridgment of 
the latter work, augmented with several new and ctiriaua 
compositions, in regard to the Chinese fire, by lather 
dlncarviiie. 

ARIICLE Xlll* 

Of Ointment for Bums. 

It is proper that we should terminate a treatise on pyro* 
techny by some remedy for burn*?; as acadents must often 
take place in handling such a dangerous element as fire. 
Wc shall therefore not hesitate to follow the example of 
Ozanam, who in this respect is himself a follower of 9ie- 
l^i^owitcz, and the greater part of those who ha^ wrlt- 
this suliject: we shall even confine ourseli^l^to thb 
remedy he proposes. 

sBoil fresh hog^s lard in common water, over a slow fire; 
skim it continually till no more scum is left, and let the 
melted lard remain in the open air for three or four nights 
lielt ft again in an earthen vessel, oVer^a slow and inode- 
rate fire, and strain it into cold water through a jlieOe Of 
linen cloth ; then wash it well in purd river 6t spring 
wkter, to free it from its salt, and to make it becomO white; 
then press it into a glazed earthen vessel and preserve it 
for use. 
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It g«aef«)l 7 b^gipens, in cases of borning, tliftt the 
rises in blisters, which however must not be opened till tbe 

tUed or fourth day after tbe ointment has been appHed. 

* 

ARTICLE XIV. 

/ 

Pt/ro(echny without Fire, aiid merely OpikdC* 

As the inventions ivhich we have hcire described are 
cessarify attended with considerable expense, and are 
sides dangerouH, attempts have been made in mbdem 
and with a considerable degree of success, to imitate thit 
diflferent kinds of fire*works by optical effects, and to give 
them the appearance of motion, though in reality fixed. 
By means of this invention, the spectacle of artificial fife* 
works may be exhibited at a very small expence; and if 
the pieces employed are constructed with ingenuity, if tbe 
rules of perspective are properly obser\ rci, and if, in view* 
ing the spectacle, glasses whicfi magnily the objects and 
render them somewhat less distinct be employed, a very 
agreeable illusion wil) be produced. 

The artificmi fire-works mutated witli most success by 
this invention, are fixed suus, gerbes and jets of fire, cas* 
cades^ globes, pyramids, and columns moveable around 
tfidraxesu To represent a gerbe of fire, take paper black* 
ened on both sides, and very opake, and having delioeMd^ 
OD a piece of white paper the figure of a gerbe 
apply It to the black paper, and with the puint of a very 
sharp penknife make several slashes (pi. 2, fig. Ji) in it, 

S, 5, or 7, proceeding from the origin of tbe gerbe: 
these iines must not be continued but cut through at un^ 
equal intervals. Pierce these intervals with unequal boiu« 
made with a piubng iron, pi. 2 fig. 14, in order to repre^ 
tent the sparks of such a gerbe. lii short you must endea*^ 
vour to paint, by these lines and holc:i, tbe well-knowi> ofr 
feet of tbe fire ot inflamed gunpowder, wlicn it issues 
through a small aperture. 

According to tlic same principles, >ou may dehaeate the 
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of iott^odudog into this exhibition^ which is purely^optiofll; 
liihfl those jets of fire wMcb proceed from the radd of suiis, 
either fix^ or'IhoVeable. It majr easily be conceived that 
In operation taste must be the guide* 

If you are desirous of representing globes, pyramids, or 
cohimns, draw the outlines of them on paper, 
Ond then cut them out m a helical form ; tliat is, cut out 
aptfftls With the point of a pen-knifc, and of a size propor- 
tioned to that of the piece* 

{t is to be observed also, that as these different pieces 
have different colours, they may be easily imitated^ by 
feting on the back of the paper, cut as here desenbed, 
Very fine silk paper coloured in the proper manner. As 
jetjr, for example, when loaded with Chinese fire, give a 
redditii light, you must paste to the back of these jets 
traniparent paper, slightly tinged with red \ and prooead 
in the same manner in i egard to the other colours by which 
the different fire-works are distinguished* 

When these preparations have been made, the next 
thing is to give motion, or the appearance of cnotion, to 
this fire, which may be done two ways according to oit- 
cumstances. 

If a jet of fire, for example, is to be represented^^ {WSfik 
holdtr, and at unequal distances from each othhr, 
l&vHiand of paper, pi. 2 fig. 17, and then move this band, 
making it ascend between a light and the above^jett^the 
of light which escape through the holes bf tbenkove* 
able paper will exhibit the appearance of sparks'VisinghitaL 
the air. It is to be observed that one pait of the paper 
Mst be whole, that another must be pierced witii 1 m^ 
thinly scattered ; that in aubtber place they must be very 
dlos% aod then moderately so^ by these meamr st wUI re- 
fUtintilt those sudden jets of fire curved in farorworka# 

Ito represent a cnuscade, the paper pserced with bolesi 
of moving upwards must be made todercend* ^ 
tuotioQ may be easily produced by means of two 



omcuMb, »viu»f avniTT. 


MH 

toHera, on one of wliieli the paper k roUeil^ttg^irt^ h jp 
unrolled from the other. f , 4 \ 

Suns are attended with some more difficult) hiptMlii 
in these it k necessary to represent fire proccN^iog.frW 
the centre to tiie circumference. The artifice forllitjlf^ppp 
pose is as follows. 

On strong paper describe a circloi equal in dkcMAft tO 
the sun wi)icli you are dehirous to exhiUt» or 
what larger ; then trace out on this circle two apirnki a| 
the distance of a line or half a line from each othoTy^ and 
open the interval between them with a penknife^ in 
& manner, that the paper may be cut from the cimtM^ 
ference, decreasing in breadth to a certain dii^nce froM 
the centre, pi. 2 fig. hS ; cut the remainder of the cfrclo 
into spirals of the same kind, open and dote alternatdjTit 
then cement the paper circle to a small iron hoop, 
ported by two pieces of iron, cros^lng each other in its 
centre, and adjust the whole to a small machine, svbich will 
suffer it to revolve round its centre. If this moveable 
per circle, cot in this manner, be placed before the repre« 
sentation of your sun, with a light behind it, as soon as it 
ts made to move towards that side to which the convexity 
of the Spirals is turned, the luminous spirals, or those which 
afibrd a passage tatbe light, will give, on the image of 
the radii or jets of fire of your sun, the appearance cf 
in continual motion, as if undulating from the centre 10 
the ciicumfcrence. 

The appearance of motion may be given to colmpiyiA^ 
pyramids, and globes, cut through in the maimer above 
d^rihed, by moving npw'ards, in a vertical directioii^ a 
band of paper cift through into apeitures itidinod al^ 
aoglo somewhat diffrrent from that of the apirala. 19^ 
these means the spectators will imagine that they see ftre 
continually circulating and ascending along these spindij 
and the result will be a sort o( illusion, in cons^quenM of 
which the cdirams cw pyramids wiU seem to rerot»lji^ 
timin. 







Bu,t iM} not enlarge farther on this subject i it ifi 
have explained tlie principle on wb*ch this 
kind of pyrotcchn> can be exhibited ; the taste of 
iboarri&t may suggest to him many Unrigs to give more 
roality to this representation, and to render the deception 
stronger* 

We shall however add i fex/ nouU respecting illumina^ 
tfons which foim a part of pvotecbnv. 

Take some prints representing a castle, or palace, &c; 
and having colouied Umn piopeilt, emcni paper to the 
back of them, in such a niannd th ( they be only 
sean*^tfansparent ; then, with pinkn'^ uuns ot ditkicnt 
sixes, prick small holes in the pLue, < nd Uu hues where 
lamps are gcnotally phued, as alon^ nu suiis jt the win- 
dows, on the corniecs, c»r ‘ lusiiadis, ta, Uut can must 
be taken to nuke these hoa ^ MiuUh r kI ( i i , i< < ^ r/ling 
to the pcrspeclue dmunut on oi the ti^uu With other 
jronsofaJaigei si/o,cutoiu, * ^ n es^sotm stronger 

lights; so as to represent Inc ^ 6. ('ut om also the 

panes in some ot th wmdovxs, * .n te ro the ' a L ui 
them transparent paper ot a ^rct m x led t dour, to rv pre- 
sent curtaim drawn belort» them, and d/m ding an illu- 
ittmated apartment* 

When the print is cut in this manner, piiee it in the 
front of a sort of small tbCiitre, strongly illuminated from 
the back part, and look at it through a convex: glass of a 
pretty Jong focus, like that u^ed in those binall nuchinci^ 
called optical boxes. If the rule> ot perspeciivc have been 
properly observed m the piirus, and it tlic lights and 
shades have been distributed with taste, this specude will 
highly agreeable. It may be iirti rmued with some of 
pyroteebiuc arti^ces above described $ as such iliumi- 
tiaticuiB arc in general accoaipained with fire-works* 
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